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5 HTA BTNDTWG PEPTIDES AND THEIR USES 

The present application is a continuation in part o£ 
USSN 08/027,746 which is a continuation in part of USSN 
07/926,666, which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

10 The present invention relates' to conpositions and 

methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers. In 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) molecules and 

15 inducing an immune response. 

MHC molecules are classified as either Class I or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and sustaining 
immune responses, such as T lymphocytes, B lysqshocytes, 

20 macrophages, etc. Class II MHC molecules are recognized by 
helper T lyn^hocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. Class I MHC 
molecules are expressed on almost all nucleated cells and are 

25 recognized by cytotoxic T lymphocytes (CTLs) , which then 
destroy the antigen-bearing cells. CTLs are particularly 
ia^ortant in tumor rejection and in fighting viral infections. 
The CTL recognizes the antigen in the form of a peptide 
fragment bound to the MHC class I molecules rather than the 

30 intact foreign antigen itself. The antigen must normally be 
endogenously synthesized by the cell, and a portion of the 
protein antigen is degraded into small peptide fragments in 
the cytoplasm. Some of these small peptides translocate into 
a pre-Golgi compartment and interact with class I heavy chains 

35 to facilitate proper folding and association with the subunit 
B2 micr gl bulin. The peptide-MHC class I coB^lex is then 
r uted t the cell surface f r expression and potential 
recogniti n by specific CTLs. 
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SUMMARY OF THE INVENTION 
The present invention provides compositi ns 
comprising inrnun genie peptides having binding motifs f r MHC 
Class I molecules. Th immunogenic peptides are typically 
between about 8 and about 11 residues and comprise conserved 
residues involved in binding proteins encoded by the 
appropriate MHC allele. A number of allele specific motifs 
have been identified. 

For instance, the motif for HLA-A3.2 comprises from 
the N-terminus to c-terminus a first conserved residue of L, 
M, I, V, S, A, T and P at position 2 and a second conserved 
residue of K, R or Y at the c-terminal end. Other first 
conserved residues are c, G or D and alternatively E. Other 
second conserved residues are H or F. The first and second 
conserved residues are preferably separated by 6 to 7 
residues. 

The motif for HLA-Al comprises from the N-terminus 
to the c-terminus a first conserved residue of T, S or M, a 
second conserved residue of D or E, and a third conserved 
residue of Y. Other second conserved residues are A, S or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved 
residue of E or D and a second conserved residue of Y where 
the first and second conserved residues are separated by 5 to 

6 residues. 

The motif for HLA-All comprises from the N-terminus 
to the c-terminus a first conserved residue of T or V at 
position 2 and a c-terminal conserved residue of K. The first 
and second conserved residues are preferably separated by 6 or 

7 residues. 

The motif for HLA-A24.1 comprises from the N- 
terminus to the c-terminus a first conserved residue of Y, F 
or w at position 2 and a c terminal conserved residue of F, I, 
W, M or L. The first and second conserved residues are 
pref rably separated by 6 t 7 residues. 

Epitopes on a number of p tential target pr teins 
can be id ntifi d in this manner. Examples of suitable 
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antigens include prostate specific antigen (PSA) , hepatitis B 
c re and surface antigens (HBVc, HBVs) hepatitis C antigens, 
malignant melanosia antigen (MAGE-1) Epstein-Barr virus 
antigens, human isimtinodef iciency type-1 virus (HIVl) and 
5 papilloma virus antigens* The peptides are thus useful in 
pharmaceutical compositions for both in vivo and ex vivo 
therapeutic and diagnostic applications. 

Definitions 

10 The term "peptide" is used interchangeably with 

"oligopeptide" in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. The 

15 oligopeptides of the invention are less than about 15 residues 
in length and usually consist of between about 8 and about 11 
residues, preferably 9 or 10 residues. 

An "immunogenic peptide" is a peptide which 
comprises an allele-^specific motif such that the peptide will 

20 bind the MHC allele and be capable of inducing a CTL response. 
Thiis, immunogenic peptides are capable of binding to an 
appropriate class I MHC molecule and inducing a cytotoxic T 
cell response against the antigen from which the immunogenic 
peptide is derived. 

25 A "conserved residue" is an amino acid which occurs 

in a significantly higher frequency than would be expected by 
random distribution at a paurticular position in a peptide 
motif. Typically a conserved residue is one at which the 
immunogenic peptide loay provide a contact point with the MHC 

30 molecule. One to three, preferably two, conserved residues 
within -a peptide of defined length defines a motif for an 
immunogenic peptide. These residues are typically in close 
contact with the peptide binding groove, with their side 
chains buried in specific pockets of the groove itself. 

35 Typically, an immunogenic peptide will comprise up to three 
c nserv d residues, mor usually tw c nserved residues. 

As us d her in, "negative binding residues" are 
amin acids which if pr sent at certain positions will result 
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in a peptide being a n nbinder or poor binder and in turn fail 
to induce a CTL response despite the presence of the 
appr priat c nserved residues within the peptide. 

Th tern "motif" r fers to th pattern of residues 
5 in a peptide of defined length, usually about 8 to about li 
amino acids, which is recognized by a particular MHC allele. 
The peptide motifs are typically different for each human MHC 
allele and differ in the pattern of the highly conserved 
residues. 

0 The binding motif for an allele can be defined with 

increasing degrees of precision. In one case, all of the 
consexved residues are present in the correct positions in a 
peptide and there are no negative binding residues present. 

The phrases "isolated" or "biologically pure" refer 

5 to material which is substantially or essentially free from 
components which normally accompany it as found in its native 
state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC 1 molecules on antigen presenting cells. Even where 

) a protein has been isolated to a homogenous or dominant band, 
there are trace contaminants in the range of 5-10% of native 
protein which co-purify with the desired protein. Isolated 
peptides of this invention do not contain such endogenous co- 
purified protein. 

► The term "residue" refers to an amino acid or amino 

acid mimetic incorporated in an oligopeptide by an amide bond 
or amide bond mimetic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a flow diagram of an HLA-A pxirif ication 

scheme. 

5 Fig. 2 is an SDS-PAGE analysis of affinity piirified. 

HLA-A3.2 from the cell line EHH using an affinity column 
prepared with the mAb GAP A3 coupled to protein A-Sepharose. 
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Fig. 3 shows reverse phase high performance liquid 
chromatography (RP-HPLC) separation of HLA-A3 acid eluted 
20 peptides. 

Fig« 4 shows binding of a radioactively labeled 
peptide of the invention to HHC molecules as measured by the % 
boxind radioactivity. 

Fig. 5 shows inhibition of binding of a peptide of 
25 the invention to MHC molecules in the presence of three 

peptides [HBc 18-27 (924.07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef 73-82 (940.03)]. 

Fig. 6 shows the dependency of the binding on HHC 
concentration in the presence or absence of ^2 microglobulin. 
30 Fig. 7 shows dose dependent inhibition of binding 

with the addition of unlaQseled peptide. 

Fig. 8 Scatchard Analysis of binding to MHC All 
confirming an apparent of 6nH. 

Fig. 9 shows the binding of a radioactively labeled 
35 peptide of the invention to MHC Al as measured by % bound 
reactivity. 

Fig. 10 shows dose d pendent inhibition of binding 
with th addition of unlabeled peptide. 
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Fig. 11 Scatchard Analysis of binding t MHC Al 
confirming an apparent Kp of .2lnM. 

Fig. 12 shows the binding of tv peptides of this 
inv ntion as a function f MHC A24 concentration as measured 
5 by % bound reactivity. 

Fig. 13 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides. 

Figs* 14(a) and 14(b) show the Scatchard Analysis of 
binding to MHC A24 of the two peptides confirming a Kp of 30 
10 and 60nM, respectively. 

Fig. 15 shows the effect on MHC class l molecules of 
i32microglobulin and a peptide of choice on acid-stripped PHA 
blasts. 

Fig. 16 shows CTL induction using GC43 A2.1 
15 responders and autologous acid-stripped PBHCs or PHA blasts 
loaded with the 777.03-924.07-927.32 peptide pool. 

Fig. 17 shows CTL induction using X351 or X355 A2.1 
responders and autologous acid stripped PBMCs or PHA blasts as 
stimulators after loading with the 1044.04-1044.05-1044.06 
20 peptide pool. 

Fig. 18 shows CTL induction using GC49 A2.1 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 

Fig. 19 shows CTL induction using 6C66 Al responders 
25 and autologous acid stripped PBHCs as stimulators after 
loading of peptide 938.01. 

Fig. 20 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with SAC- 
I activated PBMCs loaded with a MAGE 3 peptide. 
30 Fig. 21 shows a comparison of the acid strip loading 

with the cold temperature incubation. 

Fig. 22 shows a CTL response to an immunogenic 
peptide for MAGE/All. 

Fig. 23 shows a CTL response to an immunogenic 
35 peptide for HIV/ A3. 

Fig. 24 shows a CTL response to an immxinogenic 
peptid for HCV/A3. 
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Fig. 25 shows a CTL response to an immunogenic 
peptide for HBV/Al^ 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 The present invention relates to the determination 

of allele-specif ic pept4.de motifs for hiiman Class I MHC 
(sometimes referred to as HLA) allele subtypes. These motifs 
are then used to define T cell epitopes from any desired 
antigen, particularly those associated with humam viral 

10 diseases or cancers, for iirtiich the amiho acid sequence of the 
potential antigen targets is known. 

Epitopes on a ntunber of potential target proteins 
can be identified in this manner. Examples of suitable 
antigens include prostate specific antigen (PSA) , hepatitis B 

15 core and surface antigens (HBVc, HBVs) hepatitis C antigens, 

Epstein-Barr virus antigens, melanoma antigens (e.g., MA6E-1) , 
human immunodeficiency virus (HIV) antigens and humam 
papilloma virus (HPV) antigens. 

Peptides comprising these epitopes are synthesized 

20 and then tested for their ability to bind to the appropriate 
MHC molecules in assays using, for example, purified class I 
molecules and radioiodinated peptides and/or cells expressing 
empty class I molecules by, for instance, immunof luorescent 
staining and flow microfluorimetry, peptide**dependent class I 

25 assembly assays, and inhibition of CTL recognition by peptide 
co]^>etition. Those peptides that bind to the class I molecule 
are fxirther evaluated for their ability to serve as targets 
for CTLs derived from infected or immunized individuals, as 
well as for their capacity to induce primary in vitro or iji 

30 vivo CTL responses that can give rise to CTL populations 
capable -of reacting with virally infected target cells or 
tumor cells as potential therapeutic agents. 

The MHC class I antigens are encoded by the HIA*A, 
B, and C loci. HLA-A and B antigens are expressed at the cell 

35 surface at approximately equal densities, whereas the 

expression of HLA*C is significantly 1 wer (perhaps as much as 
10-fold lower) . Each of these 1 ci hav a number f alleles. 
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Th peptide binding m tifs of the invention are relatively 
specific for each allelic subtype. 

For peptide-based vaccines, the peptides of the 
present invention preferably comprise a motif recognized by an 
5 MHC I molecule having a vide distribution in the hiiman 
population. Since the MHC alleles occur at different 
frequencies within different ethnic groups and races, the 
choice of tsurget HBC allele may depend upon the target 
population. Table l shows the frequency of various alleles at 

10 the HIA-A locus products among different races. For instance, 
the majority of the Caucasoid population can be covered by 
peptides which bind to four HIA-A allele subtypes, 
specifically HLA-A2.1, Al, A3. 2, and A24.1. Similarly, the 
majority of the Asian population is encompassed with the 

15 addition of peptides binding to a fifth allele HIA-A11.2. 


wo 94/03205 


PCr/US93/07421 


10 


TABLE 1 


40 


45 



A Allele /Subtvoe 

M(691* 

Af54) 

Cr5021 

5 

Al 

10.1(7) 

1.8(1) 

27.4(138) 


A2.1 

11.5(8) 

37.0(20) 

39.8(199} 


A2.2 

10.1(7) 

0 

3.3(17) 


A2.3 

1.4(1) 

5.5(3) 

0.8(4) 


A2.4 

- 

— 

— 

10 

A2.5 

— 

— 

— 


A3.1 

1.4(1) 

0 

0.2(0) 


A3. 2 

5.7(4) 

5.5(3) 

21.5(108) 


All.l 

0 

5.5(3) 

0 


All. 2 

5.7(4) 

31-. 4 (17) 

8.7(44) 

15 

All. 3 

0 

3.7(2) 

0 


A23 

4.3(3) 

— 

3.9(20) 


A24 

2.9(2) 

27.7(15) 

15.3(77) 


A24.2 

— 

— 

— 


A24.3 

— 

— 

- 

20 

A25 

1.4(1) 

— 

6.9(35) 


A26.1 

4.3(3) 

9.2(5) 

5.9(30) 


A26.2 

7.2(5) 

— 

1.0(5) 


A26V 

— 

3.7(2) 

— 


A28.1 

10.1(7) 

mm 

1.6(8) 

25 

A28.2 

1.4(1) 

— 

7.5(38) 


A29.1 

1.4(1) 

— 

1.4(7) 


A29.2 

10.1(7) 

1.8(1) 

5.3(27) 


A30.1 

8.6(6) 

- 

4.9(25) 


A30.2 

1.4(1) 

— 

0.2(1) 

30 






A31 

4.3(3) 

7.4(4) 

6.9(35) 


A32 

2.8(2) 


7.1(36) 


AV33.1 

8.6(6) 


2.5(13) 


AW33.2 

2.8(2) 

16.6(9) 

1.2(6) 

35 

AV34.1 

1.4(1) 




AV34.2 

14.5(10) 


0.8(4) 


A%r36 

5.9(4) 




Table compiled from B. DuPont, 

Jnmnnnbioloav Of HLA, Vol. 


I, Histocompatibility Testing 1987, Springer-Verlag, New York 
1989. 

* N ^ negroid; A = Asian; C = caucasoid. Nuabers in 

parenthesis represent the number of individuals included in 
the analysis. 


The nomenclature used to. describe peptide compounds 
follows the conventional practice wherein the amino group is 
presented to the left (the N-terminus) and the carboxyl group 
SO to the right (the c-terminus) of each amino acid residue. In 
the f rmulae repr senting s lected specific embodiments of the 
. present invention, the amino- and carboxyl-terminal groups, 
although not specifically shown, are in the form th y would 
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assum physiologic pH values, iinless othexvise specified* 
In the amin acid strudiiire formulae, each residue is 
generally represented by standard three letter or single 
letter designations* The L*fon& of an amino acid residue is 
5 represented by a capital single letter or a capital first 
letter of a three-letter symbol, and the D*-form for those 
suaino acids is represented by a lower case single letter or a 
lover case three letter symbol. Glycine has no asymmetric 
carbon atom and is simply referred to as ''Gly'* or G. 

10 The procedures used to identify peptides of the 

present invention generally follow the methods disclosed in 
Falk et al«. Nature 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by 

15 immunoprecipitation or affinity chromatography, from the 

appropriate cell or cell line. Examples of other methods for 
isolation of the desired MHC molecule equally well known to 
the artisan include ion exchange chromatocpraphy, lectin 
chromatography, size exclusion, high performance ligand 

20 chromatography, and a combination of all of the above 
techniques. 

A larige number of cells with defined MHC molecules, 
particularly MHC Class l molecules, are known and readily 
available. For exasqple, human EBV-transformed B cell lines 

25 have been shown to be excellent sources for the preparative 
isolation of class I and class II MHC molecules. 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type Culture Collection 
("Catalogue of Cell Lines and Hybridomas,** 6th edition (1988) 

30 Rockville, Maryland, U.S.A.); National Institute of General 

Medical' Sciences 1990/1991 Catalog of Cell Lines (NIOIS) Human 
Genetic Mutant Cell Repository, Camden, NJ; and ASHI 
Repository, Bingham and Women's Hospital, 75 Francis Street, 
Boston, MA 02115. Table 2 lists some B cell lines suitable 

35 f r us as sources for HLA-A alleles. All of th se cell lines 
can be grown in large batches and are ther f re useful for 
large scale pr duct ion of MHC molecules. One of skill will 
recognize that these are merely exemplary cell lines and that 
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many ther cell soiurces can be espl yed. Similar EBV B cell 
lines homozygous for HLA-B and HLA-C c uld s rve as soxirces 
for HLA-B and HLA-C alleles, respectively. 
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TABLE 2 

HUMAN CELL LINES (HLA-A SOURCES) 

HLA-A allele B cell line 

Al ilAT 

COX (9022) 

STEINLIN 

(9087) 

A2.1 JY 


A3. 2 EHM (9080) 

H0301 (9055)6M3107 


A24.1 KT3(9107) ,TISI (9042) 


All BVR ((ai6828A) 

WtlOO (6M8602) ,NT52 
(<at8603) 


In the typical case, inmunoprecipitation is used to 
isolate the desired allele. A number of protocols can be 
used, depending upon the specificity of the antibodies used. 
For example, allele-specif ic aAb reagents can be used for the 
affinity purification of the HLA-A, HLA-B, and HLA-C 
molecules. Several mAb reagents for the isolation of HLA-A 
molecules- are available (Table 3). Thus> for each of the 
targeted HLA-A alleles, reagents are available that may be 
used for the direct isolation of the HLA-A molecules. 
Affinity columns prepared with these mAbs using standard 
techniques are successfully used to purify the respective 
HIA-A allele products. 

In addition to allele-specif ic inAbs, broadly 
reactive anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
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15 


14 

one anti-HLA-B, C mAb, Bl.23.2, could be used In alternative 
affinity purification prot cols as described in th example 
section below. 

TABLE 3 
ANTIBODY REAGENTS 


anti-HLA* 


Name. 


20 


25 


30 


HLA-Al 
HLA-A3 
HLA-11,24.1 
HLA-A,B,C 

monomorphic 
HLA-B,C 

monomorphic 


12/18 
GAPA3 
All.lH 
W6/32 


(ATCC, HB122) 
(ATCC, HB164) 
(ATCC, HB95) 


B9.12.1 (INSEBM-CNRS) 
B. 1.23. 2 (ZNSERM-CNRS) 


35 The peptides bound to the peptide binding groove of 

the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I 
molecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropie agents, or a 

40 combination thereof. 

Peptide fractions are further separated from the MHC 
molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 

45 the artisan, including filtration, ultrafiltration, 

el ctroph resis, siz chr matography, precipitation with 
specific antibodies, ion exchange chromatograi^iy, 
isoelectrofoeusing, and th . like. 
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Sequencing of the isolated peptideis can be performed 
according to standard techniques such as Edinan degradation 
(Hunkapiller, M.W., et al , . Methods Enzvmol, 91. 399 [1983]). 
Other methods suitcihle for sequencing include mass 
spectrometry sequencing of individtaal peptides as previously 
described (Hunt, et al., Science 225:1261 (1992), which is 
incorporated herein by reference) . Amino acid sequencing of 
bulk heterogenous peptides ( e.g. . pooled HPLC fractions) from 
different class I molecules tvnarallv >-Avoalc a r»haT»sir't-o>- ; 
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al., Bpr, pr, ipaqu^oJL, 21:2963-2970 (1991)), and the human 
somatic T cell hybridoma, T-2 (Gerund 1 , et al,. Nature 
345:449-452 (1990)) and which have been transfected with the 
appr priate human class I genes are c nveniently used, when 
5 peptide is added to them, to test for the capacity of the 
peptide to induce in vitro primaory CTL responses* Other 
eukaryotic cell lines which could be used include various 
insect cell lines such as mosquito larvae (ATCC cell lines CCL 
125, 126, 1660, 1591, 6585, 6586), silkworm (ATTC CRL 8851), 

10 armyworm (ATCC CRL 1711) , moth (ATCC CCL 80) and Orosophila 
cell lines such as a Schneider cell line (see Schneider J. 
Rmhrvol, Kxd, Morahol. 27:353-365 [1927]). That have been 
transfected with the appropriate human class I MRC allele 
encoding genes and the human B2 microglobulin genes. 

15 Peripheral blood lymphocytes are conveniently 

isolated following simple venipunctxare or leukapheresis of 
normal donors or patients and used as the responder cell 
sources of CTL precursors. In one embodiment, the appropriate 
antigen-presenting cells are incubated with 10-100 fM of 

20 peptide in serum-free media for 4 hours under appropriate 
culture conditions. The peptide-loaded antigen^presenting 
cells are then incubated with the responder cell populations 
in vitro for 7 to 10 days under optimized culture conditions. 
Positive CTL activation can be determined by assaying the 

25 cultures for the presence of CTLs that kill radiolabeled 

target cells, both specific peptide-pulsed targets as well as 
target cells expressing endogenously processed form of the 
relevemt virus or tumor antigen from which the peptide 
sequence was derived. 

30 Specificity and HHC restriction of the CTL is 

determined by testing against different peptide target cells 
expressing appropriate or inappropriate human HHC class I. 

The peptides that test positive in the HHC binding assays and 

»» 

give rise to specific CTL responses are referred to herein as 
35 immunogenic peptides. 

The immunogenic peptides can be prepared 
synthetically, or by irecombinant DNA technology or isolat d 
from natural sources such as whol viruses or tum rs. 
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Alth ugh the peptide will preferably be substantially free of 
other naturally ccurring h st cell proteins and fragments 
thereof, in s a embodiments the p ptides can be synthetically 
conjugated t native fragments or particles. The polypeptides 
5 or peptides can be a variety of lengths, either in their 
neutral (uncharged) forms or in forms idxich are salts, and 
either free of modifications such as glycosylation, side chain 
oxidation, or phosphorylation or containing these 
modifications, subject to the condition that the modification 

10 not destroy the biological activity of the polypeptides as 
herein described* 

Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. When possible, it may be 

15 desirable to optimize peptides of the invention to a length of 
9 or 10 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are boxind to MHC class I molecules on the cell surface. 

Peptides having the desired activity may be modified 

20 as necessary to provide certain desired attributes, e.g., 

improved pharmacological characteristics, while increasing or 
at least retaining substantially all of the biological 
activity of the unmodified peptide to bind the desired MHC 
molecule and activate the appropriate T cell* For instance, 

25 the peptides may be subject to various changes, such as 

substitutions, either conservative or non-conservative, where 
such changes might provide for certain advantages in their 
use, such as improved HHC binding. By conservative 
substitutions is meant replacing an amino acid residue with 

30 another which is biologically and/or chemically similar, e.g., 
one hydrdphobic residue for another, or one polar residue for 
another. The siibstitutions include combinations such as Gly, 
Ala; Val, He, Leu, Met; Asp, Glu; Asn, 61n; Ser, Thr; Lys, 
Arg; and Phe, Tyr. The effect of single amino acid 

35 substitutions may also be probed using D*amino acids. Such 
modifications may be mad using well known peptide synthesis 
procedures, as described in e.g., Merrifield, Science 232:341- 
347 (1986) , Barany and M rrifield. The Peptides . Gross and 
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Meienhofer, ds. (N.Y., Academic Press), pp. 1-284 (1979); and 
Stewart and Yoxing, Solid Phase peptide Synthesis . (R cJcf rd, 
Ill«, Pierce), 2d Ed« (1984), incorporated by reference 
herein. 

5 The peptides can also be modified by extending or 

decreasing the compound *s amino acid sequence, e.g., by the 
addition or deletion of amino acids. The peptides or analogs 
of the invention can also be modified by altering the order or 
composition of certain residues, it being readily appreciated 

10 that certain amino acid residues essential for biological 

activity, e.g. , those at critical contact sites or conserved 
residues, may generally not be altered without an adverse 
effect on biological activity. The non-critical amino acids 
need not be limited to those naturally occurring in proteins, 

15 such as L-a-amino acids, or their isomers, but may include 
non-natural amino acids as well, such as fi-Y-*j-amino acidis, as 
well as many derivatives of L-a-amino acids. 

Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 

20 electrostatic charge, hydrophobicity, etc. on binding. For 

instance, a series of positively charged (e.g.^ Lys or Arg) or 
negatively charged (e.g., Glu) amino acid substitutions are 
made along the length of the peptide revealing different 
patterns of sensitivity towards various HHC molecules and T 

25 cell receptors. In addition, multiple substitutions using 
small, relatively neutral moieties such as Ala, 61y, Pro, or 
similar residues may be employed. The substitutions may be 
homo-oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spacing 

30 necessary between essential contact points and certain 

functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity) • Increased binding affinity for an HHC 
molecule or T cell receptor may also be achieved by such 
substitutions, compared to the affinity of the parent peptide. 

35 In any event, such substitutions should employ amino acid 
r sidues r ther molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding. 
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Aioino acid substitutions are typically of single 
residues. Substitutions, del ti ns, insertions or any 
co2nbination thereof may be combined to arrive at a final 
peptide. Substitutional variants are th se in which at least 
5 one residue of a peptide has been removed and a different 
residue inserted in its place. Such substitutions generally 
are made in accordance with the following Table 4 when it is 
desired to finely modulate the characteristics of the peptide. 
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TABLE 4 

Original Residue Exemplai-y Substitution 


Ala 

ser 

Arg 

lys 

Asn 

gin; his 

Asp 

glu 

Cys 

ser 

Gin 

asn 

61u 

asp 

Gly 

pro 

His 

asn; gin 

He 

leu; val 

Leu 

ile; val 

Lys 

arg 

Met 

leu; ile 

Phe 

met; leu; tyr 

Ser 

thr 

Thr 

ser 

Trp 

tyr 

Tyr 

trp; phe 

Val 

ile; leu 
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Substantial changes in function (e^g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
siibstitutions that are less conservative than those in Tabl 
4, i.e., selecting residues that differ mor significantly in 
5 their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a 
sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site or (c) the 
bulk of the side chain. The substitutions which in general 

10 cure expected to produce the greatest changes in peptide 

properties will be those in which (a) hydrophilic residue, 
e.g. seryl, is stibstituted for (or by) a hydrophobic residue, 
e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
residue having an electropositive side chain, e.g., lysyl, 

15 arginyl, or histidyl, is stibstituted for (or by) an 

electronegative residue, e.g. glutamyl or aspartyl; or (c) a 
residue having a bulky side chain, e.g. phenylalanine, is 
substituted for (or by) one not having a side chain, e.g., 
glycine. 

20 The peptides may also con^rise isosteres of two or 

more residues in the immimogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
substituted for a second sequence because the steric 
conformation of the first secpience fits a binding site 

25 specific for the second sequence. The term specifically 

includes peptide backbone modifications well known to those 
skilled in the art. Such modifications include modifications 
of the amide nitrogen, the a-*carbon, amide carbonyl, complete 
replacement of the amide bond, extensions, deletions or 

30 backbone crosslinks. See , generally . Spatola, Chemistry and 
Biochemistry of Amino Acids, peptides and Proteins. Vol. VII 
(Weinstein ed., 1983). 

Modifications of peptides with various amine %cid 
mimetics or unnatural amino acids are particularly useful in 

35 increasing th stability of the peptide in vivo . Stability 

can be assayed in a number of ways. For instance, peptidases 
and various bi logical media, such as human plasma and serum, 
have been used to test stability. Se . e.g. , Verh ef et al. , 
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Eur. J> Drug Metab Phannacokin, 11:291-302 (1986). Half life 
of the peptides of the present inventi n is c nveniently 
determined using a 25% human serum (v/v) assay. The protocol 
is generally as follows. Pooled himan serum (Type AB, 
5 non-heat inactivated) is delipidated by centrifugation before 
use. The serum is then diluted to 25% with RPHI tissue 
culture media and used to test peptide stability. At 
predetermined time intervals a small amount of reaction 
solution is removed and added to either 6% acpieous 

10 trichloracetic acid or ethanol. The cloudy reaction sample is 
cooled (4*C) for 15 minutes and then spun to pellet the 
precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC using 
stability-specific chromatography conditions. 

15 The peptides of the present invention or analogs 

thereof which have CTL stimulating activity may be modified to 
provide desired attributes other than improved serum half 
life. For instamce, the ability of the peptides to induce CTL 
activity can be enhemced by linkage to a sequence which 

20 contains at least one epitope that is capable of inducing a T 
helper cell response. Particularly preferred Immunogenic 
peptides/T helper conjugates are linked by a spacer molecule. 
The spacer is typically comprised of relatively small, neutral 
molecules, such as amino acids or amino acid mimetics, which 

25 are substantially uncharged under physiological conditions. 
The spacers are typically selected from, e.g., Ala, 61y, or 
other neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally 
present spacer need not be comprised of the same residues aivl 

30 thus may be a hetero- or homo-oligomer. When present, the 
spacer will usually be at least one or two residues, more 
usually three to six residues. Alternatively, the CTL peptide 
may be linked to the T helper peptide without a spacer. 

The immunogenic peptide may be linked to the T helper 

35 peptide either dir ctly or via a spacer either at the amino r 
carboxy terminus f the CTL peptide. The amino terminus of 
either the immianogenic p ptide r the T helper peptide may be 
acylated. 
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In some embodiments it may be deslrabl to include in 
the pharmaceutical comp sitions of the invention at least one 
component which assists in priming CTL. Lipids have been 
identified as agents capable of assisting the priming CTL in 
5 vivo against viral antigens* For example, palmitic acid 

residues can be attached to the alpha and epsilon amino groups 
of a Lys residue and then linked, e.g., via one or more 
linking residues such as Gly, Gly^ly-, Ser, Ser'-Ser, or the 
like, to an immunogenic peptide. The lipidated peptide can 

10 then be injected directly in a micellar form, incorporated 

into a liposome or emulsified in an adjuvant, e.g., incomplete 
Freund's adjuvant. In a preferred embodiment a particularly 
effective immunogen comprises palmitic acid attached to alpha 
and epsilon amino groups of Lys, which is attached via 

15 linkage, e.g., Ser--Ser, to the euaino terminus of the 
immiinogenic peptide. 

As another example of lipid priming of CTL responses, 
E. coll lipoproteins, such as 

tripalmitoyl^-S-glycerylcysteinlyseryl-serine (P3CSS) can be 

20 used to prime virus specific CTL irtien covalently attached to 

an appropriate peptide. See, Deres et al., Nature 342:561-564 
(1989), incorporated herein by reference. Peptides of the 
invention can be coupled to P3CSS, for example, and the 
lipopeptide administered to an individual to specifically 

25 prime a CTL response to the target antigen. Further, as the 
induction of neutralizing antibodies can also be primed with 
P3CSS conjugated to a peptide which displays an appropriate 
epitope, the two compositions can be combined to more 
effectively elicit both humoral and cell-mediated responses to 

30 infection. 

In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking 
peptides one to another, for coupling to a carrier support, or 
larger peptide, for modifying the physical or chemical 

35 properties of the peptide or oligopeptide, or th like. Axaino 
acids such as tyrosine, cysteine, lysine, glutamic r aspartic 
acid, r the like, can be introduced at the C«- r N*terminus 
of th peptide or oligopeptide. Modification at the C 
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terminus in some cases may alter binding characteristics of 
the peptide. In addition, the peptide or ligopeptide 
sequences can differ from th natural sequence by being 
modified by terminal-NHj acylation, e.g., by alkanoyl (C^-Cjq) 
5 or thioglycolyl acetylation, terminal-carboxyl amidation, 
e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or 
other molecule. 

The peptides of the invention can be prepared in a 

10 vide V2uriety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 

15 Stewart and Young, solid Phase Peptide Synthesis ^ 2d. ed. , 
Pierce Chemical Co. (1984), supra . 

Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide secpience which encodes an 
immunogenic peptide of interest is inserted into an expression 

20 vector, transformed or transfected into an appropriate host 
cell and cultivated under conditions suitable for expression. 
These procedures are generally known in the art, as described 
generally. in Sambrook et al.. Molecular Cloning. A Laboratory 
Hazmal/ cold spring Harbor Press, Cold Spring Harbor, New York 

25 (1982), which is incorporated herein by reference. Thus, 

fusion proteins which comprise one or more peptide sequences 
of the invention can be used to present the appropriate T cell 
epitope. 

As the coding sequence for peptides of the length 
30 contemplated herein can be synthesized by chemical techniques, 
for example, the phosphotriester method of Matteucci et al. , 
J. Am. Chem. Soe, 103:3185 (1981), modification can be made 
simply by substituting the appropriate base(s) for those 
encoding the native peptide seqpience. The coding sequence can 
35 then be provided with appropriate linkers and ligated into 
expression v ct rs commonly available in the art, and the 
vect rs used t transf rm suitable h sts t produce th 
desired fusion protein. A number f such vectors and suitabl 
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h 6t systems are now available. For expression of the fusion 
proteins, the c ding sequence will be provided with operably 
link d start and stop c dons, promoter and terminat r regions 
and usually a replication system to provide an expression 
5 vector for expression in the desired cellular host. For 

example, promoter sequences compatible vith bacterial hosts 
are provided in plasmids containing convenient restriction 
sites for insertion of the desired coding secpience. The 
resulting expression vectors are transformed into suitable 
10 bacterial hosts. Of co\urse, yeast or mammalian cell hosts may 
also be used, employing suitable vectors and control 
sequences • 

The peptides of the present invention and 
pharmaceutical and vaccine compositions thereof are useful for 

15 administration to mammals, particularly humans, to treat 
and/ or prevent viral infection and cancer* Examples of 
diseases which can be treated using the immunogenic peptides 
of the invention include prostate cancer, hepatitis B, 
hepatitis C, AIDS, renal carcinoma, cervical carcinoma, 

20 lymphoma, CMV and condlyloma acuminatum. 

For pharmaceutical compositions, the immunogenic 
peptides of the invention are administered to an individual 
already suffering from cancer or infected with the virus of 
interest. Those in the incubation phase or the. acute phase of 

25 infection can be treated with the immunogenic peptides 
sepeirately or in conjunction with other treatments, as 
appropriate. In therapeutic applications, compositions are 
administered to a patient in an amount sufficient to elicit an 
effective CTL response to the virus or tumor antigen and to 

30 cure or at least partially arrest symptoms and/ or 

complicaitions. An amoxint adequate to accomplish this is 
defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g., the peptide 
composition, the manner of administration, the stage and 

35 severity of the disease being treated, the weight and general 
Stat f health f th patient, and the judgment of the 
prescribing physician, but generally range f r the initial 
immunization (that is f r therapeutic r pr phy lactic 
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adminisliration) from about 1.0 fig to about 5000 /ig f peptide 
for a 70 kg patient, followed by bo eting d sages of fr in 
about 1«0 fig to about 1000 /xg of peptide pursuant to a 
bo sting regimen over v eks to m nths depending upon the 
5 patient's response and condition by measuring specific CTL 

activity in the patient's blood • It must be kept in mind that 
the peptides and compositions of the present invention may 
generally be employed in serious disease states, that is, 
life-threatening or potentially life threatening situations. 
10 In such cases, in view of the mdLnimization of extraneous 

substances and the relative nontoxic nature of the peptides, 
it is possible and may be felt desirable by the treating 
physician to administer substantial excesses of these peptide 
compositions. 

15 For therapeutic use, administration should begin at 

the first sign of viral infection or the detection or surgical 
removal of tumors or shortly after diagnosis in the case of 
acute infection. This is followed by boosting doses until at 
least symptoms are substantially abated and for a period 

20 thereafter. In chronic infection, loading doses followed by 
boosting doses may be required. 

Treatment of an infected individual with the 
compositions of the invention may hasten resolution of the 
infection in acutely infected individuals. For those 

25 individxials susceptible (or predisposed) to developing chronic 
infection the compositions are particularly useful in methods 
for preventing the evolution from acute to chronic infection. 
Where the siisceptible individuals are identified prior to or 
during infection, for instance, as described herein, the 

30 composition can be targeted to them, minimizing need for 
administration to a larger population. 

The peptide compositions can also be used for the 
treatment of chronic infection and to stimulate the immune 
system to eliminate virus-infected cells in carriers. It is 

35 important to provide an amount of immxano-potentiating peptide 
in a f rmulati n and mode of administrati n sufficient to 
effectively stimulate a cyt toxic T c 11 respons . Thus, f r 
treatment f chronic infection, a representative dose is in 
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the range of ab ut l.o fig to about 5000 fig, preferably about 5 
fig to 1000 fig for a 70 kg patient per dose. Immunizing d see 
followed by boosting doses at established intervals, e.g., 
from one to four weeks, may be required, possibly for a 
5 prolonged period of time to effectively immunize an 

individual. In the case of chronic infection, administration 
should continue until at least clinical symptoms or laboratory 
tests indicate that the viral infection has been eliminated or 
substantially abated and for a period thereafter. 

10 The pharmaceutical compositions for therapeutic 

treatment are intended for peorenteral, topical, oral or local 
administration. Preferably, the pharmaceutical compositions 
are administered parenterally, e.g., intravenously, 
subcutaneously, intradermally, or intramuscularly. Thus, the 

15 invention provides compositions for parenteral administration 
which comprise a solution of the immunogenic peptides 
dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, 
e.g., water, buffered water, 0.9% saline, 0.3% glycine, 

20 hyaluronic acid and the like. These compositions may be 
sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation being combined with a sterile solution 

25 prior to administration. Itie compositions may contain 

pharmaceutically acceptable auxiliary substances as required 
to approximate physiological conditions, such as pH adjusting 
and buffering agents, tonicity adjusting agents, wetting 
agents and the like, for example, sodium acetate, sodium 

30 lactate, sodium chloride, potassium chloride, calcium 

chloride, sorbitan monolaurate, triethanolamine oleate, etc. 

The concentration of CTL stimulatory peptides of the 
invention in the pharmaceutical formulations can vary widely, 
i.e., from less than about 0.1%, usually at or at least about 

35 2% to as much as 20% to 50% r more by weight, and will be 
selected primarily by fluid volumes, viscosities, etc., in 
accordance with the .particular mode of administrati n 
selected. 
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The peptides of the invention may als be 
administered via lip somes, which serve t target the peptides 
to a p€urticular tissue, such as lymphoid tissue, or targeted 
selectively to infected cells, as veil as increase the half*- 
5 life of the peptide composition. Liposomes include emulsions, 
foams, micelles, insoluble monolayers, liquid crystals, 
phospholipid dispersions, lamellar layers and the like. In 
these preparations the peptide to be delivered is incorporated 
as part of a liposome, alone or in conjunction with a molecule 

10 which binds to, e.g., a receptor prevalent among lymphoid 

cells, such as monoclonal antibodies which bind to the CD45 
antigen, or with other therapeutic or immunogenic 
compositions. Thus, liposomes filled with a desired peptide 
of the invention can be directed to the site of lymphoid 

15 cells, where the liposomes then deliver the selected 

therapeutic/ immunogenic peptide compositions. Liposomes for 
use in the invention are formed from standard vesicle-forming 
lipids, %rtxich generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The 

20 selection of lipids is generally guided by consideration of, 
e.g., liposome size, acid lability and stability of the 
liposomes in the blood stream. A variety of methods are 
available for preparing liposomes, as described in, e.g., 
Szoka et al., Ann, Rev, Btophvs, Bioena . 9:467 (1980), U.S. 

25 Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, 
incorporated herein by reference. 

For targeting to the immune cells, a ligand to be 
incorporated into the liposome can include, e.g., antibodies 
or fragments thereof specific for cell svurface determinants of 

30 the desired immune system cells. A liposome suspension 
containing a peptide may be administered intravenously, 
locally, topically, etc. in a dose which varies according to, 
inter alia , the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

35 F r solid compositions, c nventional n ntoxic solid 

carriers may be used which include, f r example, 
pharmaceutical grades f msmnit 1, lact se, starch, magnesium 
stezurate, sodium saccharin, talcum, c llulose, glucose, 
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sucrose, magnesium carb nate, and the like. For oral 
administration r a pharmac utically acceptable nontoxic 
c mp sition is formed by inc rporating any of the n rmally 
empl yed excipients, such as those ceurriers previously listed, 
and generally 10-95% of active ingredient, that is, one or 
more peptides of the invention, and more preferably at a 
concentration of 25%-75%. 

For aerosol administration, the immunogenic peptides 
are preferably supplied in finely divided foim along with a 
surfactant and propellant. Typical percentages of peptides 
are 0.01%-20% by weight, preferably 1%-10%. The surfactant 
must, of course, be nontoxic, and preferably soluble in the 
propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon 
atoms, such as caproic, octanoic, lauric, palmitic, stearic, 
linoleic, linolenic, olesteric and oleic acids with an 
aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be eiq>loyed. 
The surfactant may constitute 0.l%-20% by weight of the 
composition, preferably 0.25^5%. The balance of the 
composition is ordinarily propellant. A carrier can also be 
included, as desired, as with, e.g., lecithin for intranasal 
delivery. 

In another aspect the present invention is directed 
to vaccines which contain as an active ingredient an 
immunogenically effective amount of an immunogenic peptide as 
described herein. The peptide (s) may be introduced into a 
host, including humans, linked to its own carrier or as a 
homopolymer or heteropolymer of active peptide units. Such a 
polymer has the advantage of increased immunological reaction 
and, where different peptides are used to make up the polymer, 
the additional ability to induce antibodies and/ or CTLs that 
react with different antigenic determinants of the virus or 
tumor cells. Useful carriers are well known in the art, and 
include, e.g., thyroglobulin, albumins such as bovin serum 
albumin, tetanus toxoid, p lyamino acids such as 
P ly(ly8ine:glutamic acid) , hepatitis B virus core pr tein, 
h patitis B virus recombinant vaccine and the like. The 
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vaccines can also contain a physi logically tolerable 
(acceptable) diluent such as water, phosphate buffered saline, 
r saline, and further typically includ an adjuvemt* 
Adjuvants such as incomplete Freund*s adjuvant, aluminum 
phosphate, aliuninum hydroxide, or alum are materials veil 
known in the art. And, as mentioned above, CTL responses can 
be primed by conjugating peptides of the invention to lipids, 
such as P3CSS. Upon immunization with a peptide composition 
as described herein, via injection, aerosol, oral, transdermal 
or other route, the immtuie system of the host responds to the 
vaccine by producing large amounts of CTLs specific for the 
desired antigen, and the host becomes at least partially 
immiine to later infection, or resistant to developing chronic 
infection. 

Vaccine compositions containing the peptides of the 
invention are administered to a patient susceptible to or 
otherwise at risk of viral infection or cancer to elicit an 
immune response against the antigen and thus enhance the 
patient's own immvme response capabilities. Such an amoiint is 
defined to be an "ixEimunogenically effective dose." In this 
iise, the precise amounts again depend on the patient's state 
of health and weight, the mode of administration, the nature 
of the formulation, etc., but generally range from about 1.0 
fig to about 5000 fig per 70 kilogram patient, more commonly 
from about 10 fig to about 500 /ig mg per 70 kg of body weight. 

In some instances it may be desirable to combine the 
peptide vaccines of the invention with vaccines which induce 
neutralizing antibody responses to the virus of interest, 
particularly to viral envelope antigens. 

For therapeutic or immunization ptirpo&es, the 
peptides, of the invention can also be escpressed by attenuated 
viral hosts, such as vaccinia or fowlpox. This approach 
involves the use of vaccinia virus as a vector to express 
nucleotide secpiences that encode the peptides of the 
invention. Upon introduction into an acutely or chronically 
infected host r int a non- infected h st, the rec mbinant 
vaccinia virus expresses th immunogenic peptid , and thereby 
elicits a host CTL r sponse* Vaccinia vect rs and meth ds 
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useful in immunizati n protoc Is are described in, e.g., U.S. 
Patent N • 4,722,848, inc rp rated herein by reference. 
Another vect r is BCG (Bacille Calmette Guerin) . BCG v ctors 
are described in Stover et al. ^ Nature 351:456-460 (1991)) 
5 which is incorporated herein by reference. A vide variety of 
other vectors useful for therapeutic administration or 
imnunization of the peptides of the invention, e.g.. 
Salmonella typhi vectors and the like, will be apparent to 
those skilled in the art from the description herein. 

10 Antigenic peptides may be used to elicit CTL ex vIvq ^ 

as well. The resulting CTL, can be used to treat chronic 
infections (viral or bacterial) or tumors in patients that do 
not respond to other conventional forms of therapy, or will 
not respond to a peptide vaccine approach of therapy. Ex vivo 

15 CTL responses to a particular pathogen (infectious agent or 

tumor antigen) are induced by incubating in tissue culture the 
patient's CTL precursor cells (CTLp) together with a source of 
antigen^presenting cells (APC) and the appropriate immunogenic 
peptide. After an appropriate incubation time (typically l«-4 

20 weeks) , in %rtiich the CTLp are activated and mature and expand 
into effector CTL, the cells are infused back into the 
patient, where they will destroy their specific target cell 
(an infected cell or a tumor cell) • In order to optimize the 
in vitro conditions for the generation of specific cytotoxic T 

25 cells, the culture of stimulator cells is maintained in an 
appropriate serum^free medium. 

Prior to incubation of the stimulator cells with the 
cells to be activated, e.g., precursor CD8-f cells, an amount 
of antigenic peptide is added to the stimulator cell culture, 

30 of sufficient quantity to become loaded onto the human Class I 
molecules to be expressed on the surface of the stimulator 
cells. In the present invention, a sufficient amount of 
peptide is an amount that will allow about 200, and preferably 
200 or more, human Class TJSRC molecules loaded with peptide 

35 to be expressed on the surface of each stimulator cell. 

Preferably, the stimulator cells ar incubated with >20Mg/ml 
peptide. 
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Resting or precursor CD8+ cells are then incubated in 
culture with the appropriate stimulator cells for a tim 
peri d sufficient to activate th CD8+ cells. Preferably, the 
CD8+ cells are activated in an antigen-specific mamner. The 
5 ratio of resting or precursor CD8+ (effector) cells to 

stimulator cells may vary from individual to individual and 
may further depend upon variadales such as the amenability of 
an individual's lymphocytes to culturing conditions and the 
nature and severity of the disease condition or other 

10 condition for which the within-described treatment modality is 
used. Preferably, however, the lymphocyte: stimulator cell 
ratio is in the rauige of about 30:1 to 300:1. The 
effector/ stimulator culture may be maintained for as long a 
time as is necessary to stimulate a therapeutically useable or 

15 effective number of C08+ cells. 

The induction of CTL in vitro requires the specific 
recognition of peptides that are bound to allele specific HHC 
class I molecules on APC. The number of specific MHC/peptide 
complexes per APC is crucial for the stimulation of CTL, 

20 particularly in primary immune responses. While small amotmts 
of peptide/MHC complexes per cell are sufficient to render a 
cell susceptible to lysis by CTL, or to stimulate a secondary 
CTL response, the successful activation of a CTL precursor 
(pCTL) during primary response requires a significantly higher 

25 number of HHC/peptide complexes. Peptide loading of empty 

major histocompatability complex molecules on cells allows the 
induction of primary cytotoxic T lymphocyte responses* Peptide 
loading of empty major histocompatability complex molecules on 
cells enables the induction of primary cytotoxic T lymphocyte 

30 responses. 

. Since mutant cell lines do not exist for every human 
MHC allele, it is advantageous to use a techniciue to remove 
endogenous MHC-associated peptides from the sxirface of APC, 
followed by loading the resulting empty MHC molecules with the < 

35 immunogenic peptides of interest. The use of non-transformed 
(n n-tumorigenic) , n n- infected cells, and preferably, 
autologous cells of patients as APC is desirabl f r th 
d sign of CTL induction protocols directed t wards development 
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of X vivo CTL therapies. This application disci ses meth ds 
f r stripping the end gen us MHC-associated peptides from the 
surface of APC f llowed by the loading of desired peptides. 

A stable MHC class I molecule is a triaeric complex 
5 formed of the following elements: 1) a peptide usiially of 8 - 
10 residues, 2) a transmembrane heavy polymorphic protein 
chain which bears the peptide-binding site in its ai and a2 
domains, and 3) a non-covalently associated non-polymorphic 
light chain, /32microglobulin. Removing the bound peptides 

10 and/or dissociating the /32microglobulin from the complex 

renders the MHC class I molecules nonfunctional and unstable, 
resulting in rapid degradation. All MHC class I molecules 
isolated from PBMCs have endogenous peptides bound to them. 
Therefore, the first step is to remove all endogenous peptides 

15 bound to MHC class I molecules on the APC without causing 

their degradation before exogenous peptides can be added to 
them. 

Two possible ways to free up MHC class I molecules of 
bound peptides include lowering the culture temperature from 

20 37 'C to 26«C overnight to destablize ^2»i«"09lob»ilin and 

stripping the endogenous peptides from the cell using a mild 
acid treatement. The methods release previously bound 
peptides into the extracellular environment allowing new 
exogenous peptides to bind to the empty class I molecules. 

25 The cold-temperature incubation method enables exogenous 

peptides to bind efficiently to the MHC complex, but requires 
an overnight inciibation at 26»C which may slow the cell's 
metabolic rate, it is also likely that cells not actively 
synthesizing MHC molecules (e.g., resting PBHC) would not 

30 produce high amounts of empty siurface MHC molecules by the 
cold temperature procedure. 

Harsh acid stripping involves extraction of the 
peptides with trif luoroacetic acid, pH 2, or acid denaturation 
of the iomunoaffinity purified class I-peptide complexes. 

35 These methods are not feasible for CTL induction, since it is 
i]iq>ortant to rem ve the endogen us peptides while preserving 
APC viability and an optimal metabolic state which is critical 
f r antigen presentati n. Mild acid solutions of pH 3 such as 
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glycine or citra^te-phosphate buffers have been used to 
identify endogenous peptides nd to identify tiunor associated 
T cell epit pes. The treatment is especially effective, in 
that only th MHC class I mole ules are destabilized (and 
5 associated peptides released) / while other surface antigens 
remain intact, including MHC class II molecules. Most 
importantly, treatment of cells with the mild acid solutions 
do not affect the cell's viability or metabolic state. The 
mild acid treatment is rapid since the stripping of the 

10 endogenous peptides occurs in tvo minutes at 4<'C and the APC 
is ready to perform its function after the appropriate 
peptides are loaded. The technique is utilized herein to make 
peptide-specif ic APCs for the generation of primary 
antigen-specific CTL. The resulting APC are efficient in 

15 inducing peptide-specif ic CD8+ CTL. 

Activated CD8+ cells may be effectively separated 
from the stimulator cells using one of a variety of known 
methods. For example, monoclonal antibodies specific for the 
stimulator cells, for the peptides loaded onto the stimulator 

20 cells, or for the CD8-t- cells (or a segment thereof) may be 
utilized to bind their appropriate con^lementary ligand. 
Antibody-tagged molecules may then be extracted from the 
stimulator-effector cell admixture via appropriate means, 
e.g., via well-known inmunoprecipitation or immunoassay 

25 methods. 

Effective, cytotoxic amounts of the activated CD8-I- 
cells can vary between in vitro and in vivo uses, as well as 
with the amount and type of cells that are the ultimate target 
of these killer cells. The amount will also vary depending on 

30 the condition of the patient and should be determined via 

consideration of all appropriate factors by the practitioner. 
Preferably, however, about 1 X 10^ to about 1 X lo", more 
preferably about 1 X 10® to about 1 X 10^^, and even more 
preferably, about 1 X 10^ €o about 1 X 10^° activated CD8+ 

35 cells are utilized for adult humans, compeared to about 5 X 10^ 
- 5 X 10^ cells used in mice. 

Preferably, as discussed above, the activat d CD8+ 
cells are harvest d from the cell cultur prior to 
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administration of th C08-i> cells to the individual being 
treated. It is important t n te, however, that unlike other 
present and proposed treatment modalities, the present method 
uses a cell cultur system that is not turn rigenic. 
5 Therefore, if con^lete separation of stimulator cells and 
activated C08-t- cells is not achieved, there is no inherent 
danger Icnown to be associated with the administration of a 
small number of stimulator cells, whereas administration of 
mammalian tumor-promoting cells may be extremely hazardous. 
iO Methods of re-introducing cellular components are 

known in the art and include procedures such as those 
exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and 
U.S. Patent No. 4,690,915 to Rosenberg. For example, 
administration of activated CD8-I- cells via intravenous 
15 infusion is appropriate. 

The immunogenic peptides of this invention may also 
be used to make monoclonal antibodies. Such antibodies may be 
useful as potential diagnostic or therapeutic agents. 

The peptides may also find use as diagnostic 
20 reagents. Por example, a peptide of the invention may be used 
to determine the susceptibility of a particular individual to 
a treatment regimen which ea^loys the peptide or related 
peptides, and thus may be helpful in modifying an existing 
treatment protocol or in determining a prognosis for an 
25 affected individual. In addition, the peptides may also be 
used to predict which individuals will be at substantial risk 
for developing chronic infection. 

The following examples are offered by way of 
illustration, not by way of limitation. 

30 

Example 1 
Class I antigen isolation 
A flow diagram of an KLA-A antigen purification 
scheme is presented in Figure l. Briefly, the cells bearing 
35 the appropriate allele were grown in large batches (6-8 liters 
yielding "5 x 10® cells) , harvested by centrifugati n and 
washed. All cell lin s were maintained in RPMI 1640 media 
(Sigma) supplemented with 10% fetal b vin serum (FBS) and 
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an1:ibiotics« For large-scale cultures, cells were grown in 
roller bottle culture in RPMI 1640 with 10% FBS or with 10% 
horse serum and antibi tics. Cells w re harvested by 
centrifugation at 1500 RPH ZEC-CRU5000 centrifug with 259 
5 rotor and washed three times with phosphate-buffered saline 
(PBS) (0.01 H PO4, 0.154 M NaCl, pH 7.2). 

Cells were pelleted and stored at -70 *c or treated 
with detergent lysing solution to prepare detergent lysates. 
Cell lysates were prepared by the addition of stock detergent 

10 solution [1% NP-40 (Sigma) or Renex 30' (Accurate Chem. Sci. 
Corp., Westbury, HY 11590), 150 mH NaCl, 50 mM Tris, pH 8.0] 
to the cell pellets (previously counted) at a ratio of 50-100 
X 10^ cells per ml detergent solution. A cocktail of protease 
inhibitors was added to the premeasured voliime of stock 

15 detergent solution immediately prior to the addition to the 
cell pellet. Addition of the protease inhibitor cocktail 
produced final concentrations of the following: 
phenylmethylsulf onyl fluoride (FHSF) , 2 mM; aprotinin, 5 
ng/vxl; leupeptin, 10 fig/ml; pepstatin, 10 fig /ml; 

20 iodoacetamide, 100 (M; and EOTA, 3 ng/ml. Cell lysis was 
allowed to proceed at 4*C for 1 hour with periodic mixing. 
Routinely 5-10 x 10^ cells were lysed in 50-100 ml of 
detergent solution. The lysate was clarified by 
centrifugation at 15,000 x g for 30 minutes at 4*C and 

25 subsequent passage of the supernatant fraction through a 0.2 
filter unit (Nalgene) « 

The HLA-A antigen purification was achieved using 
affinity columns prepared with mAb-conjugated Sepharose beads. 
For antibody production, cells were grown in RFMI with 10% FBS 

30 in large tissue culture flasks (Coming 25160-225) • 

Antibodies were ptirified from clarified tissue culture medium 
by ammonium sulfate fractionation followed by affinity 
chromatography on protein-A-Sepharose (Sigma) . Briefly, 
satxirated ammonium sulfate" was added slowly with stirring to 

35 the tissue culture supematemt to 45% (volume to volume) 
overnight at 4*C to precipitate the immunogl bulins. Th 
precipitated proteins w r harvest d by centrifugation at 
10,000 X g f r 30 minutes. The pr cipitate was then dissolved 
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in a mininum volume of PBS and transferred t dialysis tubing 
(Spectr /P r 2, Mol. wt. cutoff 12,000-14,000, Spectum M dical 
Ind.)* Dialysis was against PBS (^20 times the pr tein 
solution volume) with 4-6 changes of dialysis buffer over a 
24-48 hour period at 4*C. The dialyzed protein solution %ra8 
clarified by centrifugation (10,000 x g for 30 minutes) emd 
the pH of the solution adjusted to pH 8.0 with IN MaOH. 
Protein-A-Sepharose (Sigma) was hydrated according to the 
manufacturer's instructions, auid a protein-A-Sephaurose column 
was prepared. A column of 10 ml bed vblume typically binds 
50-100 mg of mouse IgG. 

The protein sample was loaded onto the protein-A- 
Sepheurose column using a peristaltic pump for largB loading 
volumes or by gravity for smaller volumes (<100 ml) . The 
colvimn was washed with several, volumes of PBS, and the eluate 
was monitored at A280 in a spectrophotometer until base line 
was reached. The bound antibody was eluted using 0.1 M citric 
acid at suitable pH (adjusted to the appropriatie pH with IN 
NaOH). For mouse ZgG-1 pH 6.5 was used for Ig62a pH 4.5 was 
used and for Ig62b and IgG3 pH 3.0 was used. 2 M Tris base 
was used to neutralize the eluate. Fractions containing the 
antibody (monitored by A280} were pooled, dialyzed against PBS 
and further concentrated using an Amicon Stirred Cell system 
(Aaieon Model 8050 with YM30 membrane) . The anti-A2 mAb, 
BB7.2, and the anti-A3 mAb, GAPA3, are particularly useful for 
affinity purification. 

The KLA-A antigen was piirified using affinity columns 
prepenred with mAb-conjugated Sepharose beads. The affinity 
columns were prepared by incubating protein-A-Sepharose beads 
(Sigma) with affinity-purified mAb as described above. Five 
to 10 mg. of mAb per ml of bead is the preferred ratio. The 
mAb bound beads were washed with borate buffer (borate buffer: 
100 mM sodium tetraborate, 154 mM NaCl, pH 8.2) until the 
washes show A280 at based line. Dimethyl pimelimidate (20 mM) 
in 200 mM triethanol«unine was added to covalently crosslink 
the bound mAb to th pr tein-A-Sepharose (Schneider et al., 3^ 
BAqAi Chgffit 257:10766 (1982). After incubati n f r 45 minutes 
at r om teiQ>erature on a r tator, the excess cr sslinking 


wo 94/03205 


PCT/US93/07421 


38 

reagent was removed by washing the beads twice with 10-20 ml 
of 20 mH ethanolamine, pH 8.2. Between each wash the slurry 
was placed on a rotator for 5 minutes at room tesqperature. 
Th beads were washed with borate buffer and with PBS plus 
5 0.02% sodium azide. 

The cell lysate (5*10 x 10^ cell equivalents) was 
then slowly passed over a 5-10 ml affinity colismn (flow rate 
of 0.1-0 .25 ml per minute) to allow the binding of the antigen 
to the immobilized antibody. After the lysate was allowed to 

10 pass through the column « the column was- washed sequentially 
with 20 column volumes of detergent stock solution plus 0.1% 
sodium dodecyl sulfate, 20 column volumes of 0.5 M NaCl, 20 mM 
Tris, pH 8.0, and 10 column volumes of 20 mM Tris, pH 8.0. 
The HLA-A antigen bound to the mAb was eluated with a basic 

15 buffer solution (50 mM diethylamine in water) . As an 

alternative, acid solutions such as 0.15-0.25 M acetic acid 
were also used to elute the bound antigen. An aliquot of the 
eluate (1/50) was removed for protein quantification using 
either a colorimetric assay (BCA assay. Pierce) or by SDS- 

20 PAGE, or both. SDS-PAGE analysis was performed as described 
by Laemmli (Laemmli, U.K. , Nature 227:680 (1970)) using known 
amounts of bovine serum albumin (Sigma) as a protein standard. 

Allele specific antibodies were used to purify the 
specific MHC molecule. In the case of HLA-A2 and HLA-A3 mAbs 

25 BB7.2 and GAPA3 were used respectively. An example of SDS 
PAGE analysis of purified HLA-A3.2 molecules is shown in 
Figure 2. 

Figure 2 shows SDS-PAGE (12.5%) analysis of affinity 
purified HLA-A3.2 from the cell line EHH. An affinity column 

30 (10 ml) was prepared with protein A-sepharose beads coupled to 
the monoclonal antibody GAPA3 which is specific for HLA-A3. A 
detergent lysate of 5x10^ cells was passaged over the colxamn 
and the column was washed extensively. The bound HIA-A3.2 
molecules were eluted from "the column with 0.15N acetic acid, 

35 50 ml. One ml of the eluate was removed and lyophilized to 

cone ntrate the sample. The sampl was taken up t 50 /il with 
Leammli sample buffer and 20 iil were loaded in lane 2. Lane 1 
contained molecular weight standards: Myosin, 230 kD; fi- 
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galactosidase, Il6k0; phosph rylase B, 97.4kD; bovine serum 
albumin, 66.2kO; ovalbumin, 45kD; carbonic anhydrase, 3l]cD; 
soybean trypsin inhibitor, 21.5kO; and lysozyme, l4.4]cO. 
Standard concentrations of bovine serum albumin were run in 
lanes 8, 10 fig, 9, 3 ftg, and 10, lug to aid in the estimation 
of protein yield. For this particular HIA-A3.2 preparation, 
the estimated yield was approximately 112 ^g. 

For HIAoAll, A24.1 and Al, an alternative protocol 
was used whereby anti-HLA-B and c monoclonal antibodies were 
used to deplete HLA-B and C molecules. The remaining HIA-A 
molecules were stibsequently purified using the W6/32 mAb as 
described below. 

Based on the density of class I expression as 
indicated by the results of immunof luorescent staining 
analysis, it is anticipated that average yields of class i 
antigen isolated from the EBV B cell lines will range from 
800-1200 ftg per lo" cell equivalents. 

Example 2 

An alternative class I purtfieation protocol 
HLA->A2.1 molecules were isolated using the mAb 
Bl.23.2 which detects an epitope expressed by HIA-B and c 
allele molecules, but not by HLA-A antigens. The mAb, H6/32, 
detects all human class I molecules, including HLA-A, B and c. 
As mentioned above, these mAbs react well with the B cell 
lines serving as sources of HLA-A antigens. The Bl.23.2 mAb 
reacts with the various human B cell lines, but fails to react 
with a mouse cell line that eatresses a transfected KLA-A2.1 
protein or a chimeric A2.1 mouse molecule. It does react 
with the human cell line, CIR (Alexander, J., et al., 
mnwn9qftnftiyp> 29, 380 [1989]), that lacks expression of 
HLA-A and B molecules, but expresses low levels of HLA-C 
moleeuleis. This pattern of reactivity illustrates how the 
Bl.23.2 mAb can be used to" deplete the B cell lysates of HLA-B 
and c molecules. 

Affinity c lumns wer prepzured using the affinity- 
purified Bl.23.2 and W6/32 mAbs, respectively, as described 
above. The procedures for the preparati n f the affinity 
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columns are essentially identical to the procediires described 
for the preparation of the allele-specif ic mAb columns 
described above. The Bl.23.2 mAb affinity column was used to 
deplete the detergent lysates of HLA*B and C molecules using 
5 the protocol as described above. The cell lysate depleted of 
HLA-B and C was then passed over a W6/32 mAb affinity coliimn* 
The MHC molecule that was eluted from this second passage was 
the A allele product. 

This alternative affinity ptirification is useful for 
10 the purification of any HLA-A allele product, and does not 
rely on the need for allele-specific mAbs. In addition, it 
could also be used to isolate any class I molecule type from 
transfected cell lines. 


15 Example 3 

Isolation and s equencing of naturally processed peptides 

For the HLA*A preparations derived from the base (50 
mM diethylamine) elution protocol, the eluate was immediately 
neutralized with 1 N acetic acid to pH 7.0«*7,5« The 

20 neutralized eluate was concentrated to a volume of 1**2 ml in 
an Amicon stirred cell [Model 8050, with YM3 membranes 
(Amicon)]. Ten ml of ammonium acetate (0.01 H, pH B.O) was 
added to the concentrator to remove the non-volatile salts, 
and the sample was concentrated to approximately 1 ml. A 

25 small sample (1/50) was removed for protein quantitation as 
described above. The remainder was recovered into a 15 ml 
polypropylene conical centrifuge tube (Falcon, 2097) (Becton 
Dickinson) . Glacial acetic acid was added to obtain a final 
concentration of 10% acetic acid. The acidified senile was 

30 placed in a boiling water bath for 5 minutes to allow for the 
dissociation of the bound peptides. The saiqile was cooled on 
ice, returned to the concentrator and the filtrate was 
collected. Additional aliguots of 10% acetic acid (1-2 ml) 
were added to the concentrator, and this filtrate was pooled 

35 with the original filtrate. Finally, 1-2 ml of distill d 
water was added to the c ncentrat r, and this filtrat was 
pooled as well. 
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Th retentate contains th bulk of the HLA-A heavy 
chain and £2"^^^^^?^^^^^^^' while the filtrate contains the 
naturally processed bound peptides and other components with 
molecular weights less than about 3000. The pooled filtrate 
5 material was lyophilized in order to concentrate the peptide 
fraction. The sample was then ready for further analysis. 

For HFLC (high performance liquid chromatography) 
separation of the peptide fractions, the lyophilized sample 
was dissolved in 50 fil of distilled water, or into 0.1% 

10 trifluoracetic acid (TFA) (Applied Biosystems) in water and 
injected to a C18 reverse-phase narrow bore column (Beckman 
018 nitrasphere, 10 x 250 mm) , using a gradient system 
described by Stone and Williams (Stone, K.L. and Williams 
K.R. , in, Macromolecular Sequencing and Synthesis; Selected 

15 Methods and Applications, A.R. Liss, New York, 1988, pp. 7-24. 
Buffer A was 0.06% TFA in water (Burdick-* Jackson) and buffer B 
was 0.052% TFA in 80% acetonitrile (Burdick-Jackson) • The 
flow rate was 0.250 sil/minute with the following gradient: 0- 
60 min., 2-37.5% B; 60-95 min., 37.5-75% B; 95-105 min,, 75- 

20 98% B. The Gilson narrow bore HPLC configuration is 
particularly useful for this purpose, although other 
configurations work equally well. 

A large mmber of peaks were detected by absorbance 
at 214 nm, many of which appear to be of low abundance 

25 (Fig. 3). Whether a given peak represents a single peptide or 
a peptide mixture was not determined. Pooled fractions were 
then sequenced to determine motifs specific for each allele as 
described below. 

Pooled peptide fractions, prepared as described above 

30 were analyzed by automated Edman sequencing using the Applied 
Biosystems Model 477A automated sequencer. The sequencing 
method is based on the technique developed by Pehr Edman in 
the 1950s for the sequential degradation of proteins and 
peptides to determine the sequence of the constituent amino 

35 acids. 

The protein or peptide to b sequenced was held by a 
12 -mm diameter p rous glass fiber filter disk in a heated, 
argon-purged reaction chamber. Th filter was generally pre- 
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treated with Bi Brene Plus™ and then cycled through one or 
more repetiti ns of the Edman reaction to reduce contaminants 
and impr ve the efficiency of siihseguent sample s guencing. 
F lloving the pre-treatment of th filter, a solution of the 
5 S2unple protein or peptide (10 pmol-5 nmol rsmge) was loaded 
onto the glass filter and dried. Thus, the sample was left 
embedded in the film of the pre-treated disk. Covalent 
attachment of the sample to the filter was usually not 
necessary because the Edman chemistry utilized relatively 
10 apolar solvents, in which proteins and peptides are poorly 
soluble. 

Briefly, the Edman degradation reaction has three 
steps: coupling, cleavage, and conversion. In coupling step, 
phenylisothiocyanate (PITC) is added. The PITC reacts 

15 quantitatively with the free amino*terminal amino acid of the 
protein to form the phenylthiocarbeunyl-protein in a basic 
environment. After a period of ^ime for the coupling step, 
the excess chemicals are eactracted and the highly volatile 
organic acid, trif luoroacetic acid, TFA, is used to cleave the 

20 PITC-coupled amino acid residue from the amino terminus of the 
protein yielding the anilinothiazolinone (ATZ) derivative of 
the amino acid. The remaining protein/peptide is left with a 
new amino terminus and is ready for the next Edman cycle. The 
ATZ amino acid is extracted and transferred to a conversion 

25 flask, where upon addition of 25% TFA in water, the ATZ amino 
acid is converted to the more stable phenylthiohydantoin (PTH) 
amino acid that can be identified and quantified following 
automatic injection into the Model 120 PTH Analyzer which uses 
a microbore C-18 reverse-phase HPLC column for the analysis. 

30 In the present procedures, peptide mixtures were 

loaded onto the glass filters. Thus, a single amino acid 
secpience usually does not result. Rather, mixtures of amino 
acids in different yield are found. When the particular 
residue is conserved euaong the peptides being secpienced, 

35 increased yield for that amino acid is observed. 


Definition of an A3. 2 speeifie mol^jf 
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There is some anbiguity in the international 
nomenclature of A3 alleles. The A3 .2 allele herein is 
expressed by cell lines EHH, H0301, and 6H3107. This 
particular subtype is currently referred to as the 3.2 allele 
5 (Yang, in Immunobiolocrv of HIA. Vol. 1, Dupont ed. , Springer- 
Verlag, New York pp. 43-44 and 54-55, 1989) , or the product of 
the A*0301 gene (its sequence corresponds to the one published 
by Strachan, et al., EMBO J. , 3:887 (1984), aund has been 
verified by direct cloning and sequencing of the A3 gene found 
10 in EHM cell line. The HLA-A3.2 encoded by the A*0301 gene 

referred to in this document is the commonly expressed HLA-A3 
allelic form. 

In one case using MAT cells, pooled peptide fractions 
prepared as described in Example 3 above were obtained from 

15 HLA-A3.2 homozygous cell lines, for example, CH3107. The 

pooled fractions were HPLC fractions corresponding to 7% to 
19% CH3CN. For this class I molecule, this region of the 
chromatogram was most abundant in peptides. Data from 
independent experiments were averaged as described below. 

20 The amino acid sequence analyses from four 

independent experiments were analyzed and the results are 
shorn in Table 5. For each position except the first, the 
data were analyzed by modifying the method described by Falk 
et al. to allow for comparison of experiments from different 

25 HIA types. This modified procedure yielded quantitative yet 
standardized values while allowing the averaging of data from 
different experiments involving the same HLA type. 

The raw sequenator data was converted to a single 
matrix of 10 rows (each representing one Edman degradation 

30 cycle) and 16 columns (each representing one of the twenty 
amino acids; W, C, R and H were eliminated for technical 
reasons. The data corresponding to the first row (first 
cycle) was not considered further because, this cycle is 
usiially heavily contaminated by free amino acids.). The 

35 values of each row were summed to yield a total pm les value 
for that particular cycl . For each row, values for each 
amino acid were then divided by th c rresponding total yield 
value, to determine what fracti n f the t tal signal is 
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attributable to each amino acid at each cycle. By d ing so, 
an ** Absolute Frequency" table was generated. This absolute 
fr guency table allows correcti n £ r the declining yields of 
ach cycle. 

5 Starting from the absolute frequency table, a 

"relative frequency" table was then generated to allow 
conqparisons among different amino acids. To do so the data 
from each column was summed, and then averaged* Then, each 
value was divided next by the average column value to obtain 

10 relative frequency values. These valued quantitate, in a 

standardized manner, increases and decreases per cycle, for 
each of the different sixteen amino acid types. Tables 
generated from data from different experiments can thus be 
added together to generate average relative frequency values 

15 (and their standard deviations) • All standard deviations can 
then be averaged, to estimate a standard deviation value 
applicable to the samples from each table. Any particul2u: 
value exceeding 1.00 by more than two standard deviations is 
considered to correspond to a significant increase. 

20 The results of the foregoing analysis for HLA-A3.2 

were as follows: at position 2, a 2.2-fold increase in valine 
(V) with lesser increases (1.5-1.7) for structurally similar 
residues leucine (L) and methionine (H) • At position 3 , 
tyrosine (Y) and aspartic acid (D) showed increases in 

25 frequency. At position 7 isoleucine (I) was increased, and at 
position 8 asparagine (N) and glutamine (Q) were increased. 
At positions 9 and 10, lysine (K) was increased more than 2- 
fold over the expected rauidom yield. 

Cysteine was not modified and thus not detected. 

30 PTH-tryptophan coeluted with diphenyliirea, and in some 

experiments, PTH-arginine coeluted with the major derivative 
of PTH- threonine. Therefore, cysteine and tryptophan are not 
detectable and arginine is detected only in the absence of 
threonine. 

35 Previously described MHC structures showed instances 

of critically conserved residues at position 2 ( r 3) and at 
the C terminus (either position 9 or 10) . These r sidues are 
referred to as **conserv d** residues. The modified data 
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cmalysis of this invent! n c nsidered th conserved positi ns 
at the N and C terminals. 

Thus, the HLA-A3.2 motif sh uld have position two 
occupied by V, L r a length of 9 or 10 amino acids, and a 
C-terminal position occupied by K. 


TABLE 5 
Siunmary 

HIA-A3.2 A llele-Specific Motif 


Conserved 
Position Residues 

1 

2 V,L,M 

15 3 Y,D 

4 
5 
6 

7 I 

20 8 Q,N 

9 K 

10 K 

Example 5 

25 Definition of HIA-Al-specif ie peptide motifs 

HLA-Al molecules were isolated and their naturally 
processed peptides characterized, as described in Example 3 
above. In one case using MAT cells, pooled fractions 
corresponding to 19% to 50% CH3CN were used. As in the 

30 preceding example, residues showing at any given position 

except the first position, at least a two standard deviation 
increase over the random expected yield were identified and 
shown in' Table 6. on the basis of these data, only Serine (S) 
and Threonine (T) were increased at position two. At position 

35 3, aspartic acid (D) and glutamic acid (E) were elevated and 

it 

at position 9 and 10 tyrosine (Y) shoved a narked increase. 
Other increases noted were pr line (P) at position 4 and 
leucine (L) at positi n 7. Theref re, the motifs for HIA-Al 
based on these data w uld have residues at position 2 ccupied 
40 by S or T, a peptide length of 9 or 10 amino acids and a 
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C-terminal residue of Y. Alternatively, another m tif w uld 
cos^rise a D or E at position 3 together with a C t rminal 
residue of Y. 

TABLE 6 

5 Summary 

HT.A-A1 Allele-Sp eeif ic Motif 

Conserved 
Position Residues 

10 1 - 

2 S, T 

3 D,E 

4 P 

5 

15 6 - 

7 L 
8 

9 Y 


20 Examplg ^ 

Definiti on of HLA-All allele-specif Ic peptide motifs 

HLA-All motifs were defined by amino acid sequence . 
analysis of pooled HPLC fractions, in one case corresponding 
to 7% to 45% CH3CN of fractionated peptides eluted from 

25 HLA-All molecules purified from the cell line BVR. On the 
basis of the data presented in Table 7, a motif for All 
consists of a conserved residue at position 2 of threonine (T) 
or valine (V) , a peptide length of 9 or 10 amino acids, and a 
C-terminal conserved residue of lysine (K) . At position 3 

30 increases in methionine (M) and phenylalanine (F) were also 
seen and at position 8 glutamine (Q) was increased. 


TABLE 7 
^ Summary 

35 HiA-Ail Allele-Specif ic Motif 

Conserved 
Position Residues 

1 

40 2 T,V 

3 M,F 
4 
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5 
6 
7 
8 
9 

10 


Q 
K 


Example 7 

Definition of HIA-A24.1 Specific Pep<:ide Mot^ifs 
HLA-A24.1 allele«>8pecific aot'ifs were defined by 
anino acid sequence analysis of pooled fractions in one case 
corresponding to 7% to 19% CH3CN of HPLC fractionated peptides 
eluted from HLA-A24.1 molecules purified from the cell line 
KT3. On the basis of the data presented in Table 8 a motif 
for HLA-A24.1 consists of a conserved residue at position 2 
occupied by tyrosine (Y) , a peptide length of 9 or 10 amino 
acids, and a C-terminal conserved residue of phenylalanine (F) 
or leucine (L) . Increases were also observed at several other 
positions: isoleucine (Z) and methonine (H) at position 3; 
aspartic acid (D) , glutamic acid (E) , glycine (6) , lysine (K) 
and proline (P) at position 4; lysine (K) , methonine (H) and 
asparagine (M) at position 5; valine (V) at position 6; 
asparagine (H) and valine (V) at position 7; and, alanine (A), 
glutamic acid (E) , lysine (K) , glutamlne (Q) and serine (S) at 
position 8. Table 8 

Summary 

HIA-A24.1 Alle le-Speeifie Motif 

Conserved 

Position Residues 
1 

2 Y 

3 I,M 

* D,E,G,K,P 

5 L,M,N 

6 . V 

7 N,V 
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8 
9 

10 


A,E,K,Q,S 


Example 8 

Identification of iaminoqenie peptides 
Using the motifs identified above for various MHC 
class I allele amino acid sequences from veurious viral and 
tumor-related proteins were analyzed for the presence of these 
motifs. Sequences for all of the targst antigens were 
obtained from the GenBank data base (Release No. 71.0; 3/92). 
The identification of motifs was done using the **FINDPATTERNS" 
program (Devereux, Haeberli and Smithes (1984) . Nucleic Acids 
Research 12I1I; 387-395) . 

The amino acid sequence or the nucleotide sequence 
encoding products was obtained from the GenBank database. In 
the cases of Human Papilloma Virus (HPV) , Prostate Specific 
antigen (PSA) , p53 oncogene, Epstein Barr Nuclear Antigen-1 
(EBNA-1), and c-erb2 oncogene (also called HER-2/neu) , and 
Melanoma Antigen-1 (MAGE-l),.a single sequence exists. 

In the cases of Hepatitis B Virus (HBV) , Hepatitis C 
Virus (HCV) , and Human Immunodeficiency Virus (HTV) several 
strains/ isolates exist and many sequences have been placed in 
GenBank. 

For HBV, binding motifs were identified for the adr, 
adw and ayw types. In order to avoid replication of identical 
sequences, all of the adr motifs and only those motifs from 
adw and ayw that are not present in adr were added to the list 
of peptides. 

In the case of HCV, a consensus sequence from residue 
1 to residue 782 was derived from 9 viral isolates. Motifs 
were identified on those regions that had no or very little 
(one residue) variation between the 9 isolates. The sequences 
of residues 783 to 3010 from 5 viral isolates were also 
analyzed. Motifs common to all the isolates were identified 
and added t the peptid list. 

Finally, a c nsensus sequenc for HIV type i for 
Noxrth American viral isolates (10-12 viruses) was obtained 
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fr m the Los Alamos National Laborat ry database (May 1991 
release) and analyz d in order to identify motifs that are 
constant thr ughout most viral isolates. Motifs that bear a 
small degree of variation ( ne residue, in 2 f rms) were also 
added to the peptide list. 

Several motifs for each allele shown below were used 
to screen several antigens. Protein E6 of human papilloma 
virus (HPV) type 16 using motifs from all of the alleles 
disclosed above are shown (Table 9) . Protein E7 of HPV type 
18 was also searched for motifs from all alleles (Table 9} 
Melanoma antigens MAGE 1, 2 and 3 were searched for motifs 
from all alleles (Table 10). The antigen PSA was searched for 
motifs from all alleles (Table 11) . Finally, core and 
envelope proteins from hepatitis C virus were also searched 
(Table 12). In the tables and the description of the motifs, 
the conventional symbol letter for each amino acid was used. 
The letter "X" represents a wild card character (any amino 
acid) . 

ThB following motifs were screened in the present 

search: 


For HIA-Al fA*01 01 \ . 

1 

XSXXXXXXY 

2 

XSXXXXXXXY 

3 

XTXXXXXXY 

4 

XTXXXXXXXY 

S 

XXDXXXXXY 

6 

XXDXXXXXXY 

7 

XXEXXXXXY 

8 

XXEXXXXXXY 


For HIA-A3.2 fA*03QH 

1 XVXXXXXXK 

2 XVXXXXXXXK 

3 XLXXXXXXK 

4 XLXXXXXXXK 

5 XMXXXXXXK 

6 XMXXXXXXXK 
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For HIA-All (h*l'LQl\ i 

1 XTXXXXXXK 

2 XTXXXXXXXK 

3 XVXXXXXXK 

4 XVXXXXXXXK 

For HIA-A24.1 fA*2401^! 

1 XYXXXXXXF 

2 XYXXXXXXXF 

3 XYXXXSqOCL 

4 XYXXXXXXXL 


Peptides with MHC Class I Binding Motifs 


Table 9 
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AA Position 


Sequence 


10 


15 


20 


30 IHDZILECVY 
69 VCDKCLKFY 
77 YSKISEYRHY 
80 ISEYRHYCY 

92 GTTLEQQYNK 

93 TTLEQQYNK 
106 LLIRCmCQK 

2 HGDTPTLHEY 
16 QPETTDLYCY 
44 QAEPORAHY 
89 IVCPICSQX 

3 RFEDPTRRPY 

4 FEDPTRRFY 
25 LQDIEZTCVY 
41LTEVFEFAFK 
72 YSRISELRHY 
84 SVY60TLEK 

101 LLIRCLRCQK 
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Antigen 


HLA molecule 


HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 
HPV16.E6 


Al 

Al 

Al 

Al 

All 

All 

A3 


HPV16.E7 
KFV16.E7 
HPV16.E7 
HPV16.E7 


Al 
Al 
Al 

A3, All 


HPV18.E6 
HPV18.E6 
HPV18.E6 
HFV18.E6 
HPV18.E6 
KPV18.E6 
HPV18.E6 


Al 

Al 

Al 

All 

Al 

A3, All 
A3 


25 


59HTMLCMCCK HPV18.E7 All 

Hunan Papillona Virus^ie and 18 (E6 and E7 Proteins) 
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Peptides with HHC Class I Binding Motifs Table 10 
AA Position Sequence Antigen HLA molecule 


2 SLEQRSLHCK 

MAGE 

1 

A3 

96 SLFRAVITK 

MAGE 

1 

A3 

96 SLFItAVITKK 

MAGE 

1 

A3 

108 DLVGFLLLK 

MAGE 

1 

A3 

128 MLESVIKNYK 

MAGE 

1 

A3 

128 MLESVIKNY 

MAGE 

1 

Al 

152 OLVFGIDVK 

MAGE 

1 

A3 

161 EADPTGHSY 

MAGE 

1 

Al 

182 LLGDNQIHFK 

MAGE 

1 

A3 

215WEELSVMEVY 

MAGE 

1 

Al 

223 VYDGREHSAY 

MAGE 

1 

Al 

238 LLTQDLVQEK 

MAGE 

1 

A3 

239 LTQDLVQEK 

MAGE 

1 

All 

239 LTQDLVQEKY 

MAGE 

1 

Al 

240TQDLVQEKY 

MAGE 

1 

Al 


Melanoma Antigen MAGE 1 
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Peptid 6 with MHC Class I Binding Motifs Table 11 
AA Positi n Sequence Antigen HLA nolecule 


21 IVGGWECEK 

PSA 

A3, 

All 

57 LTAAHCIBNK 

PSA 

All 


88 VSHSFPHFLY 

PSA 

Al 


95 PLYOHSLLK 

PSA 

A3 


178 DVCAQVHPQK 

PSA 

A3, 

All 

182 QVHPQKVTK 

PSA 

A3, 

All 

236 PSLYTKWHY 

PSA 

Al 


239 YTKWHYRK 

PSA 

All 


241KVVHYBKWIK 

PSA 

A3, 

All 

242 WHYRKWIK 

PSA 

A3, 

All 


Prostate Specific Antigen (PSA) 
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Peptides with MHC Class I Binding Motifs TeUsle 12 


Mi Position Sequence Antigen HLA m lecule 

5 2 STNPKPQRK HCV All 

14NTNRRPQDVK HCV All 

43RLGVRATRK HCV A3 

302VQOCNCSiy HCV Al 

556 HHNSTGFTK HCV A3 

10 605LTFRCHVDy HCV Al 

626 FTIFKIRMY HCV Al 


15 


Hepatitis C Vixxis (Consensus Sequence) 
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B?cainpj.e ? 

Quantitative HIA class I binding assay 
To verify that notif-c ntaining peptide sequences are 
indeed capabl f binding to the appropriate class I 
5 molecules, specific binding assays were established. HLA-A3.2 
molecules . were purified from GK3107 EBV cells by affinity 
chromatography using the GAFA3 mAb (emti-A3) to isolate A3 .2. 
Prior to the step, the lysate was depleted of HLA B and C 
molecules by repeated passages over a Bl.23.2 column (this 
10 antibody is B,C specific) generally as described in Example 2, 
above. 

As a radiolabeled probe, the peptide 941.12 
(KVFPYALINK) , containing an A3 .2 motif, was used. This 
peptide contains the anchor residues and K^or associated 
15 with A3.2*specif ic binders, described above. A Y residue was 
inserted at position 5 to allow for radiolodination« Peptides 
vere~ labeled by the use of the Chloramine T method Buus et 
al.. Science 235:1352 (1987), which is incorporated herein by 
reference. 

20 A dose range of purified A3 .2 was incubated with 10 

nM of 941.12 at pH 7.0 and 23 "C, in presence of a protease 
inhibitor coclctail (1 mM PMSF, 1.3 mH l.io phenanthroline, 73 
MM pepstatin A, 8 mH EDTA, and 200 iM N ap-tosyl-L- lysine 
chloromethyl ketone (TLCK) ) , in presence of 1 purified 

25 human $2 microglobulin. After two days, the % bound 

radioactivity was measured by gel filtration over TSK 2000 
columns as previously described for class II peptide binding 
assays in Sette et al., in Seminars in Imnunoloav, Vol. 3, 
Gefter, ed. (W.B. Saunders, Philadelphia, 1991), pp 195-202, 

30 which is incorporated herein by reference, (see. Fig. 4) . 

Good binding (in the 60 to 100% range) was obsexrved for A3 .2 
concentrations ranging between 35 and 300 nH. 30% binding was 
observed at 15 nM A3. 2. 

To minimize A3. 2 usage and to increase the 

35 sensitivity of the assay, a concentration f 5-10 nM A3.2 was 
selected for further assays. In the experiment shown in Fig. 
5, 7nM A3 .2 and an equivalent c ncentrati n of radiolabeled 
941.12 wer incubated using the c nditions described above and 
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in the presence of a dose range of tihree peptides (HBc 18-27 
(924.07), a Pr state Specif ic Antigen peptide (939.01), and 
HIV nef 73-82 (940.03)). It was f und that peptide 940.03 
inhibited strongly, with a 50% inhibitory concentration 
5 (IC50%) of 22 nM, while a weaker inhibition was observed with 
peptide 939.01 (IC50% 940 nH) . Finally, peptide 924.07 did 
not show any inhibition up to the 30 /xM level. Thus, it is 
concluded that peptides 940.03 and 939.01 are high and 
intermediate affinity binders, respectively, while peptide 

10 924.07 is classified as a low affinity or negative binder. 

Throughout this disclosure, results have been 
expressed in terms of ICSO's. Given the conditions in which 
the assays are run (i.e., limiting HHC and labeled peptide 
concentrations) , these values approximate Kj) values. It 

15 should be noted that IC50 values can change, often 

dramatically, if the assay conditions are varied, and 
depending on the particular reagents used (e.g., Class I 
preparation, etc.). For example, excessive concentrations of 
MHC will increase the apparent measured IC50 of a given 

20 ligemd. 

An alternative way of expressing the binding data, to 
avoid these uncertainties, is as a relative value to a 
reference peptide. The reference peptide is included in every 
assay. As a particular assay becomes more, or less, 

25 sensitive, the lC50*s of the peptides tested may change 

somewhat. However, the binding relative to the reference 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide 
increases 10-fold, all IC50 values will also shift 

30 approximately 10-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, weak, 
or negative binder should be based on lt*s IC50, relative to 
the IC50 of the standard peptide. 

If the IC50 of the standard peptide measured in a 

35 particular assay is different from that reported in the table, 
then it sh uld b und rstood that the thresh Id values used t 
determine good, intermediate, weak, and n gatlve binders 
should be modlfi d by a c rresp nding fact r. F r exaoqple, if 
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in an A2.1 binding assay, the IC50 f the A2.i standard 
(941.01) were t be measured as 8 nM instead of 5 nM, then a 
peptide ligand would be called a good binder only if it had an 
IC50 of less than 80 nM (i.e., 8nM x 0.1), instead of the 
usual cut-off value of SO nM. 

The experimental system herein described can be used 
to test binding of large numbers of synthetic peptides to a 
variety of different class 1 specificities. Specific binding 
assays can be performed as follows. 

HLA-All-speetf ic assay 

The cell line BVR was used as a source of HIA. The 
dependency of the binding on MHC concentration in presence or 
absence of shown in Fig. 6, while Fig. 7 depicts the 

dose dependency of the inhibition by excess unlabeled ligand. 
Finally, Fig. 8 shows a Scatchard analysis experiment. Values 
of apparent kD of -6 nM and of 10% active receptor were 
obtained, and were remarkable for their similarity to the 
values obtained for A2.1 and A3. 2. The sequence of the peptide 
used as a radiolabeled probe (940-06) is AVDLYRFLK. 

HLA-Al-SPeeifie assay 
In this case, the EBV cell line Steinlin was used as 
a source of purified HLA. The same protocol previously 
applied to purification of other HLA alleles (i.e., depletion 
of B, c molecules by a Bl.23.2 mAb column, followed by 
purification of A molecules by means of a W632 mAb column) was 
utilized, on the basis of the pool sequencing data, consensus 
peptides were synthesized, directly radiolabeled, and tested 
for HLA binding using the standard protocol (l mM /SjM, 2 days 
RT incubation in presence of protease inhibitors) . A graph 
illustrating the relationship between * binding and ^M input 
HLA Al is shown in Fig. 9. Prom the data, it was concluded 
that in analogy with what was observed for HLA A2, 3, and 11, 
as little as 30 nM are sufficient to obtain "10% binding. The 
sequence f the peptide used as a radiolabeled probe (944.02) 
is YLEPAIAKY. In the next set f experiments, the sp cificity 
f the assay established %ra8 verified by its inhabitability by 
excess unlabeled peptide. The IC50% was measured (Fig. 10) as 
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Z20 nM. Further Scatchard analysis (Fig. 11) verified that 
the apparent Kj^ of the interaction corresponded to 21 nH, with 
a % f active receptor corresponding t 5«1%. 

HIA-A24 specific assay 
HIA A24 molecules were purified from the KT3 EBV cell 
line. In this case, two consensus peptides whose sequences 
were based on the pool sequencing data have been synthesized. 
Their sequences are: 979-01, AYIDNVYKF and 979.02, AYIDNYNKF. 
The results of experiments in which the % bound of these two 
peptides as a function of input HHC was measxired are shown in 
Fig. 12. In both cases, 10-15% binding was obtained with as 
little as 20-50 nH HHC. Cold inhibition experiments (Fig. 
13), limiting MHC concentrations, revealed that the binding 
was readily inhibitable by excess unlabeled peptide, with an 
appsurent of 30 and 60 nN, respectively. Further Scatchard 
experiments verified values of 136 nM and 28 nM, respectively. 
The apparent % of available receptor (active MHC) were 8.3% 
and 7.4%, respectively (Fig* 9a and b) . On the basis of these 
data, peptide 979.02 was arbitrarily selected as standard 
label indicator for A24 assays. Furthermore, on the basis of 
the data herein described, we also conclude that the goal of 
establishing an A24-specif ic binding assay has been 
accomplished. In conclusion, specific assays for the five 
major HIA alleles have been described. 

Example 10 
Expansion of HIA A Motifs 
Establishing in vitro binding assays allows one to 
readily quantitate in vitro the binding capacity of various 
synthetic peptides to the various alleles of interest (HIA Al, 
A2, A3, All, and A24) . This allows verification of the 
correctness of the motifs by means of peptides carrying the 
various HIA A motifs for their capacity to bind purified HIA 
molecules. Typically, peptides were synthesized with specific 
HIA m tifs embedded in a neutral backbone composed f nly 
alanine residues. In some cases, a K residue was also 
intr duced within the sequenc , with the purpose of increasing 
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soliibility. The us of such "neutral *• poly A backb nes, as 
applied to the case f class .II n lecules, has been described 
in detail, for example, by Jardetzky et al. (Jardetzky et al., 
EMBO J. 9(6) :1797, 1990) . 

For example, in the case of A3. 2, a motif has been 
defined with a hydrophobic residue in position 2 and a 
positive charge (K) in position 9. Thus, to verify that the 
presence of these two anchor residues would allow, in the 
context of a poly A backbone, for A3. 2 binding, the poly A 
analog with the sequence AKAAAAAAK was 'synthesized (Table 13) . 

Similarly, other peptides carrying other HLA motifs 
were also synthesized and tested for HLA binding, it was 
found that in all cases, the presence of the specific HLA 
motifs was conducive to binding to the relevant HLA allele, 
with estimated comprised of between 125 and 2.8 nN. In 
most cases, the binding was also absolutely specific, in that 
no binding was detected to irrelevant alleles. Only two 
exceptions to this general rule were observed. Firstly, A3 
and All peptides crossreacted extensively with each other, 
perhaps as could have been expected by the fact that the 
motifs for these two alleles are remarkably similar. Second, 
some Al peptides crossreacted, albeit with much lower 
affinities, on All and AS. 2. 

To further define the structural requirements for the 
interaction between peptide epitopes and various class I 
alleles of interest, analogs of 10 residues in length of some 
of the 9 residue peptides shown in Table 13 were synthesized 
(Table 14). These analogs were generated by inserting an 
additional Ala residue within the poly A backbone, so that the 
anchor residues are not located in positions 2 and 10 (as 
opposed to 2 and 9 in the previous Table) . The results 
obtained illustrate that motifs of lo residues are also 
capable of specifically binding to the relevant class Z 
alleles, albeit with a slightly lower efficiency. 

In summary, these data confirm that both 9-mer and 
10-mer peptides which contain th appropriate m tifs can bind 
HLA. On the basis f these data, 8-mer or U-mer peptides 
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should also be capable of binding, even if perhaps with lover 
affiniti s. 

The data described ab ve show that the presence of 
c rtain residues in the amchor p sit ions does allow (at least 
5 in a **neutral" poly A backbone) for KLA binding. To 

investigate to what degree other amino acids (for example, 
chemically related amino acids) might be tolerated in these 
crucial anchor positions, analogs of some of the poly A 
peptides from Table 13 were synthesized, in which the residue 

10 present in position 2 (or 3) or 9 was varied. The results of 
this analysis are shown in Tables 15^19 • 

In the case of A3«2 (Tetble 15), in position 2, L, M, 
I, V, S, A, T, and F were found to be preferred (binding ^ O.i 
relative to previously defined anchor residues) , while C, 6, 

15 and D were permitted (binding ^ 0.01 to 0.1 relative to 

previously defined anchor residues) • The substiution of E, 
because of its similarity to D, in this position should also 
be tolerated. In position 9, K, R, and Y were preferred. 
Because of a similarity in natxire, that H and F should also be 

20 preferred. No other residue was tolerated in position 9 for 
A3 binding. 

In the case of All (T2d>le 16) , the preferred residues 
in position 2 were L, M, I, V, A, S, T, G, N (L and Q by 
similarity) • Tolerated were C, F, O (and E by similarity) • 

25 In position 9, K was preferred and R was tolerated. H should 
also be tolerated by similarity. 

In the case of A24 (Table 17) , Y and F were prefexrred 
in position 2 (and W by similarity) ; no other residue was 
tolerated. In position 9, F, I, and L were preferred (and W 

30 and M by extension) . No other residue was tolerated. 

. In the case of Al, three different anchor residues 
had previously been defined. The results shown in the 
preceding section show that they act independently of each 
other (i.e., that two out of three anchors would be sufficient 

35 for binding) . This is indeed the case. For this reason, 

analogs c ntaining two anch rs were synthesized t d fin %^t 
residues might be preferr d r tolerated in each positi n. 
The data shown in Table 18 sh w that in position 2, T, S, and 
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M are preferred, and no ttaer residue is tolerated. In 
p siti n 3 (Table 19) , D and E ar preferred, and A,s (and T 
by similarity) are tolerated. Finally, in position 9, only Y 
is preferred, and no other residue appears to be tolerated 
(Table 19). 

Thus, on the basis of the data, it is concluded that 
peptides carrying any combination of two preferred residues 
can bind. Peptides containing "imperfect** motifs, i.e., 
carrying a preferred residue at one position and a tolerated 
one at the other anchor position, should also be capable of 
binding, even if with somewhat lower affinity. Using the 
motifs of this invention for various HHC class I alleles amino 
acid sequences from various viral and tumor->related proteins 
were analyzed for the presence of motifs. The results of this 
motif analysis is shown in Table 23 a - k. 

Example 11 

Validation of HIA Peptide Binding Mol^ ifs wi1:h an Unbiased Set 

of HPV 16 Peptides. 
Human Papillomaviruses (HFVs) are implicated in the 
etiology of cervical cancer (Pfister, H. (1974) Biology and 
biochemistry of papillomaviruses, Jtev. Physiol. Biochem. 
99:111; zur Hausen, H. (1991). Human papillomaviruses in the 
pathogenesis of anogenital cancer. Virology. 184:9) and in up 
to 10% of total mortality due to cancer worldwide (zur Hausen, 
H. (1991). Viruses in Human Cancers. Science, 254:1167). 
Cervical cancer is the second most common cause of 
cancer-related death in females worldwide (Paurkin, D. M. , 
Laara, E., and Muir, C. S. (1988), Estimates of the worldwide 
frequency of sixteen major cancers in (1980). int. J. cancer. 
41:184).' HPV DNA is present in more than 90% of the cervical 
carcinomas and predominantly of the HPV 16 genotype (Resnick, 
R. M., comelissen, M. T., Wright, D, K., Eichinger, G. H., 
Fox, H. S., ter Schegget, 3., and Manos, H. N. (1990). 
Detecti n and typing f human papillomavirus in archival 
cervical cancer sp cimens by ONA amplif icati n with consensus 
primers. J. Natl. Cancer Inst; Van den Brule, A. J. c, 
Walboomers, J. M. M. , du Maine, M. , Kenemans, P., and Meijer, 
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C. J. L. M. (1991) . Difference in prevalence of hujuan 
papill mavirus gen types in cytomorphologically normal smears 
is associated with a history of cervical intraepithetal 
neoplasia. Int. J. Cancer. 48:404). Th ability of HPV 16 
early region 6 and 7 (E6, E7) open reading frames to in vitro 
immortalize rodent cells (Yasumoto, S., Burkhardt, A.L. , 
Ooniger, J., and OiPaolo, J. A. (1986). Human Papillomaviruses 
type 16 ONA induced malignant transformation of NIH3T3 cells. 
J. Virol. 57:572) and human keratinocytes (Pirisi. L. , 
Yasimoto, S., Feller, M. , Doniger, J., and DiPaolo, J. A. 
(1987). Trans-formation of human fibroblasts and 
keratinocytes with human papillomavirus type 16 DNA. J. 
Virol^ 61:1061) and to transform human fibroblasts (Smits, H. 
L., Raadsheer, E. , Rood, I., Mehendale, S., Slater, R, M. , van 
der Noordaa, J., and ter Schegget, J. (1988)* Induction of 
anchorage-independent growth of human embryonic fibroblasts 
with a deletion in the short arm of chromosome 11. j. vlroI. 
62:4538) suggests direct involvement of HPV 16 in the 
multi-step process of cervical carcinogenesis. 

In general T cell immunity, in particular mediated by 
cytotoxic T lymphocytes (CTL) is important in the defense 
against virus-induced tumors (Helief, C. J. (1992). Tumor 
eradication by adoptive transfer of cytotoxic T lymphocytes. 
Adv. Cancer Res. 58:143; Helief, C. J., and Kast, W, M. 
(1992) . Lessons from T cell responses to virus induced tumors 
for cancer eradication in general. Cancer Surv. 13:81). 
Recently in a mouse model, it was reported that some degree of 
protection against HPV 16 E7 expressing tumors can be obtained 
with CTL after immunization with HPV 16 E7 expressing cells 
(Chen. L., Thomas, E, K., Hu, S. L. , Hellstrdm, I. , and 
Hellstrom, K. E. (1991) , Human papillomavirus type 16 
nucleoprotein E7 is a tumor rejection antigen. Proc. Natl. 
Acad. Sci. 88:110; Chen, L. , Ashe, S., Brady, w. A., 
Hellstrom, I., HellstrSm, K. E., Ledbetter, J. A,, McGowan, 
P., and Linsley, P. S. (1992). Costimulation of Antitumor 
immunity by th B7 counterrecept r for the T lyaqph cyte 
molecules CD28 and CTLA-4. Cell. 71:1093). In viv 
prot ction by CTL was r cently shown in m use models in which 
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synthetic peptides containing CTL epitopes vere used for 
effici nt priming of mice against virus infc-ti ns (Schulz, 
M., Zinkemagel, R. M. , and Hengarter, H. (1991). 
P ptide- induced antiviral protection by cytotoxic T cells. 
Proc. Natl. Aaad, Sci. USA 88:991; Kast, H. M., Roux, L., 
Curren, J., Blom, H. J. J., Voordouv, A. C, Meleon, R. H., 
Kolakofski, D. , and Helief , c. J. M. (1991) . Protection 
against lethal Sendai virus infection by in vivo priming of 
virus-specific cytotoxic T lymphocytes with an unbound 
peptide. Proc. Natl. Acad. Sal. aSA, 88:2283). Moreover in a 
mouse model it has now been shown that complete protection 
against HPV 16 induced tumors can be achieved by peptide 
vaccination with a CTL epitope derived from the viral oncogene 
E7(). 

The HPV 16 E6 and E7 gene products are the most 
desirable target antigens for vaccination against HPV 16 
induced tumors. Both are retained and highly expressed in HPV 
16-tran6formed cancer cells in vivo (Baker, c. J., Phelps, w. 
C, Lindgren, V., Braun, M. J., Gonda, M. A., and Howley, P. 
N. [1987]. Structural and transcriptional analysis of human 
papillomavirus type 16 sequences in cervical carcinoma cell 
lines. J. Virol. 61:962; Smotkin, D., and Wettstein, F. 0. 
[1986]. Transcription of human papillomavirus type 16 early 
genes in a cervical cancer and cancer-derived cell line and 
identification of the E7 protein. Proc. Wat J. Acad. sd. USA. 
83:4680) and involved in the induction and maintenance of 
cellular transformation in vitro (Crook, T., Morgenstem, J. 
P., Crawford, L., and Banks, L. [1989]. Continued expression 
of HPV-16 E7 protein is required for maintenance of the 
transformed phenotype of cells co-transformed by HFV-16 plus 
EJ ras. ZMBO J. 8:513; Hawley-Nelson, P., Vousden, K. H. , 
Hubbert, H. L., Lowy, D. R., and Schiller, J. T. [1989]. HPV 
16 E6 and E7 proteins cooperate to immortalize human foreskin 
keratinocytes. SMBO J. 8:3905). Dependence of in vitro growth 
of cell lines derived from cervical cancers on the expression 

f E6 and E7 emphasizes inv Ivement of th se oncogenes in 
maintenance of the phen typ f cervical carcinoma cell lines 
(V n Knebel Doeberitz, M,, Bauknect, T., Bartch, D., and zur 
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Hausen, H. [1991]. Influence of chr aos mal integration on 
glucoc rtic id-regulated transcription of growth-stimulation 
papillomavirus genes E6 and E7 in cervical carcin ma cells. 
Proc. Natl. Acad, Sci. USA, 88:1411). To determine the CTL 
5 epitopes and potential vaccine candidates of HPV 16 for 

humans, we screened peptides speuming the HPV 16 E6 and E7 
protein sequences for their ability to bind to the most 
frequent human MHC molecules, namely HIA-Al, A3. 2, All. 2 and 
A24. Combined these five alleles will cover about 90% of the 
10 world population (Dupont, B., ed. [1987]. Immunology of HLA 
Vol. I — Histocompatibility Testing. Springer-Verlag, New 
York) . 

A complete set of 240 overlapping synthetic peptides 
of 9 aa length and 8 aa overlap covering the entire HPV 16 E6 

15 and E7 oncogene sequences were synthesized. The peptides were 
tested for their ability to bind the aforementioned HLA 
molecules in the binding assay described above. The results 
of this analysis show the relative affinity of all peptides 
for the respective KLk alleles and reveal the possible 

20 candidate CTL epitopes for use in peptide based vaccines for 
hiimans in Tables 20 (a) -(d). 

The results confirm that peptide binding motif 
described in this invention for the aforementioned HLA alleles 
predict which peptide of a protein is likely to bind into the 

25 groove of a specified HLA molecule. Since we used a large and 
unbiased set of peptides, the results of the peptide binding 
analyses were used to evaluate the value of these motifs both 
for their predictive capacities and the necessity to have 
particular anchor aa residues on positions 2, (3) and 9 in a 

30 peptide. 

- Peptides. Peptides were generated by solid phase 
strategies on a multiple peptide synthesizer (Abimed AMS 422) 
by repeated cycles in which addition of Fmoc protected amino 
acids to a resin of polystj^rene was alternated with a 
35 Fmoc-deprotection pr cedure (Gausepohl, H., Kraft, M., B ulin, 
Ch., and Frank, R. W. [1990]. Automated multiple peptide 
synth sis with BOP activation. In Pr c. f the llth American 
peptide symposium. J. E. Rivier and G. R. Marshall, Ed. 
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ESCOM, Leiden. 1003-1004). The peptides all carrying a COOH 
group at the C-teminal end, were cleaved from the resin and 
sid chain protective groups were removed by treatment with 
aqu ous TFA. Peptides were analyzed by reversed phase Hplc 
lyophilized and dissolved at a concentration of l mg/ml in 
phosphate-buffered saline with 3* DMSO (Sigma, St. Louis, MO 
63175) before use. once dissolved, the peptides were stored 
at -70- C. Since cysteine containing peptides are susceptible 
to (air) oxidation during synthesis and handling, these 
peptides were synthesized with an alanine instead of a 
cysteine. 

Jdentlfication of peptides from HPV 16 E6 and E7 
protedMS that bind to different HLA-A eaieles. a complete set 
of 240 peptides of 9 aa in length and overlapping by 8 aa, 
covering the sequences of the entire HPV 16 E6 and E7 
]proteins, was tested for binding to 5 different HLA-A 
molecules. 

The results of this analysis are depicted in Tables 
20(a)-(d). Table 20(a) describes the peptides of HPV 16 that 
bound to HLA-AL molecules. AH peptides were tested. Listed 
are only peptides yielding ratio values of ^ o.ooi. it can be 
seen that 2 peptides bound with high affinity to this molecule 
(>0.1), 6 with intermediate affinity (O.l-o.oi) and l with low 
affinity (O.Ol-O.OOl). Peptides were ranked by ratio value to 
allow comparison of data obtained in different experiments. 
To calculate the concentration of a peptide necessary to yield 
a 50% inhibition dose (IC50) one has to divide the value of 
the standard IC50 by the ratio. For example, peptide E6-8O 
has an ICgg of 23 nH (81/3.5). 

Table 20(b) describes the peptides that itKmnd to HLA- 
A3.2 molecules. Seven peptides were identified as high 
affinity binders, 6 as intermediate affinity binders and 13 as 
low affinity binders. Table 20(c) describes the peptides that 
bound to HLA-A11.2 molecules. Six high affinity peptides were 
identified, 4 intermediate affinity binders and lo low 
affinity binders. Two high affinity binding peptides (E6-59 
IVWfflGNPy and E6-80 ISEYRHYAY) and tw weak affinity binding 
peptides with a y at the 9th positi n (E6-42 QQLLRREVY, £6-69 
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VADKALKFY) were identified for HIA-A11.2 Considering the high 
binding strength f th first two peptides and the similarity 
between the HIA-A11.2 m tif and the HIA-A3.2 motif in which 
Y's are preferred at the 9th aa positi n, tyrosines should be 
5 included at the 9th position in the HIA-All.2 motif. Comparing 
Tables 21(b) and (c) it is clear that there is a large overlap 
of peptides that bound to both A3. 2 and All. 2 molecules. 
Eighteen out of 28 E6 and E7 peptides binding to these two HLA 
molecules overlapped and only 8 peptides were unique for HLA- 
10 A3. 2 and 2 peptides unique for HLA-A11'.2. 

Finally, Table 20(d) describes the peptides that 
bound to HLA-A24 molecules. Here 2 peptides were identified 
as high affinity binding peptides, 5 as intermediate affinity 
binding peptides and 5 as low binding peptides. One high 
IS affinity peptide (E6-72 KALKFYSKI) and one intermediate 

affinity peptide (E7-49 RAHYNIVTF) were identified, indicating 
that an A at the second position should be allowed in the HLA- 
A24 motif. All these inclusions are indicated in Table 20-e. 
In analyzing these tables it can be concluded that between 2 
and 7 high affinity binding peptides were identified for all 
of the tested HLA-A molecules. Occasionally some peptides 
were binding to more alleles. Three peptides (E6-7, E6-37 and 
E6-79), bound to HIA-A2.1, A3. 2 and A11.2. One peptide (E6- 
38) bound to HLA-A3.2, All. 2 and A24 and two peptides (E6-69 
25 and E6-80) bound to HLA-Al, A3. 2 and All. 2. But these 

crossreactive peptides bound only weakly to one or more of the 
different HLA molecules. In general, however, it can be 
concluded that, except for HLA-A3.2 and HIA-All.2 molecules, 
almost all HLA molecules bind unique peptides. 
^° V^^idation of ELA-A peptide binding motifs with an 

ixnbiased' set of EP7 16 E6 and S7 peptides. 

We analyzed how well the motif s for anchor positions 
described in this invention predicted the binding of a 
peptide, and also the reverse: how well binding peptides 
35 followed the identified motifs. For this, peptides were 

ranked as high binders, intermediate binders, weak binders, 
and negativ binders and f r each peptid th motif predicti n 
based n th anchor motif rul s of Table 6 wer analyzed. The 
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10 


verall efficiency of the 2, (3), and 9 anchor motifs was then 
calculated and this is sumaarized in Table 20(e). it can be 
conclud d that the motif described above for th different 
HIA-A molecules are quite accurate. One hundred percent of 
the HIA-Al, A3. 2, and A24 high binders would be predicted as 
well as 67% Of the HLA-11.2. Even for the intermediate 
binders between 40 and 100% would be predicted depending on 
the HLA-A molecule analyzed. Furthermore, the percent of weak 
binding peptides that would be predicted is low and the 
percent of those peptides that were predicted to bind but 
actually did not bind is very low for all these alleles. 

Analyzed differently, of the 12 peptides predicted to 
bind to HLA-Al actually 5 bound with high or intermediate 
affinity. This indicates that only a few peptides would have 
15 to be made to find these potential CTL epitopes. The figures 
for HIA-A3.2, All. 2, and A24 were 10/32, 7/26, and 4/7, 
respectively. This implies that the predictive value for all 
of these alleles is good. Besides a small number of peptides 
that had not been predicted by the recently described motifs, 
the (-) in Tables 21(a) - (d) , a number of peptides that were 
predicted by the 2, (3) and 9 anchor motifs did not bind, 
indicating that having the right anchor residues is not always 
sufficient for binding and implicating that non-anchor 
residues can make negative contributions to the binding of a 
25 peptide. 
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Example 19 

Presence of a Motif la Mee«»« t sarv RiH- } ^r^^■ 
sufficient for Hi oh ft ffinitv ri»ss T wj ttri^y.^ 
To investigate further how the presence of different 
motifs might influence the capacity of different peptides to 
bind to the relevant HLA alleles, the sequences of various 
potential target molecules were scanned for the presence of 
motif-containing peptides. • The peptides thus identified were 
synthesized and tested for binding, it was f und (Table 20) 
that in th case f A3.2, only 39 (19%) of the 205 peptides 
bound with high affinity in the l to 50 nM range. 22.4% of 
them bound with intermediate affinities (in the 50 to 500 nM 
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range) , while 34.6% botmd weakly (in the 500 nK to 50 
range). Finally, 23.9% of thes did not bind at all, at least 
up to the 50 MM level, in th case f All, 33 (33%) of the 
100 peptides bound with high affinity in the 1 to 50 nM range. 
35% of them bound with intermediate affinities (in the 50 nH 
range.), %^le 24% bound weakly (in the 500 nM to 50 fM 
range). Finally, 8% of them did not bind at all, at least up 
to the 50 iM level. 

Similar results were also obtained (data not sho%m) 
in the case of Al and A24. 

The same type of analysis were also performed in the 
case of lo-mer peptides carrying either the A3. 2, and All 
motifs (Tables 22(a) and (b)). it was found that in these 
cases, the frequency of good binders was even lower (17.5%, 
and 29.8%, respectively). These data confirm the fact that 
motif -containing 10-mer peptides can indeed bind, albeit with, 
in general, reduced affinity. 

In summary, the data shown in this section clearly 
show that the presence of the correct anchor residues is not 
sufficient per se to allow for good HLA binding, it is thus 
apparent that the nature of the residues contained in 
positions other than 2(3) and 9 (or lO) can influence binding. 
The most lilcely explanation of this observation is that the 
presence of certain residues (in positions other than 2 and 9) 
can negate or increase the binding potential of a peptide 
determinant. 

The data shown in the preceding sections describe how 
specific binding assays can be used to identify, within motif- 
containing peptides, peptides that are immunogenic. We also 
wanted to devise an alternative strategy, namely to derive 
procedures that would be able to predict, within motif - 
containing peptides, which peptides might be good or 
intermediate binders and thereby might be immxinogenic. In 
other experiments not shown intermediate or good binders have 
been shown to be immunogenic. In particular, t identify 
residu s that have a negative impact n binding an analysis f 
all p sitions for A3. 2, All, and all m tif -containing 
p ptides, both 9-mer8 and 10-mers is carried ut. in th case 
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of All, becaus of th small cciirrence of nonbinding 
peptid 8, a different cutoff was used such that the analysis 
compares g od and intermediate hinders on the one hand to weak 
and nonbinders on the other. 

5 

Example 13 

Algorithms to Identify Immunogenic P«.pt-it^^« 
In light of results presented in Example 13 above, 
algorithms are developed to provide a more exact predictor of 
10 binding based upon the effects of different residues at each 
position of a peptide sequence, in addition to the anchor or 
conserved residues. More specifically, we utilize the data 
bank obtained during the screening of our collection of Al, 
3,11 or 24 motif containing peptides to develop an algorithm 
15 for each particular allele which assigns a score for each 

amino acid at each position along a peptide. The score for 
each residue is taken as the ratio of the frequency of that 
residue in good and intermediate binders to the frequency of 
occurrence of that residue in non-binders. 
20 In the present algorithm residues have been grouped 

by similarity. This avoids the problem encountered with some 
rare residues, such as tryptophan, where there are too few 
occurrences to obtain a statistically significant ratio. A 
listing is made of scores obtained by grouping for each of the 
25 twenty amino acids by position for 9-mer peptides containing 
conserved residues that define their motif (2/9 motifs) . A 
peptide is scored in the algorithm as a product of the scores 
of each of its residues. 

The power of an algorithm to correlate with binding 
30 is further underlined by its ability to predict a population 
of peptides with the highest occurrence of good binders. If 
one were to rely, for example, solely on the 2/9 motif for 
predicting 9-mer peptides which bind to a specific MHC allele 
the large number of peptides containing the motif would be 
35 predicted t be good bind rs. In fact only a relatively small 
percentage of these peptides are good binders and a somewhat 
larger percentage are intermediate binders, while a still 
larger percentage of th p ptides predicted by the motif are 
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either weak or non-binding peptides • In contrast, using the 
grouped algorithm of this invention a p pulation of peptides 
are created with a greater p rcentage of good binders^ a still 
greater percentage f interm diate binders, and a smaller 
5 percentage, relative to that predicted by motif -containing 
peptides, are weak and non-binders. 

The present example of an algorithm uses the ratio of 
the frequency of occurrence of an amino acid in binders and 
non-binders to meastire the impact of a particular residue at 
10 each position of a peptide. It is isimediately apparent to one 
of ordinary skill in the art that there are alternative ways 
of creating a similar algorithm. For example, one could use 
average binding affinity values, or relative binding of single 
amino acid substitutions in a motif containing peptide with a 
15 poly-alanine backbone to generate an algorithm table. 

An algorithm using average binding affinity has the 
advantage of including all of the peptides in the analysis, 
and not just good/ intermediate binders and non-binders. 
Moreover, it gives a more quantitative measure of affinity 
20 than the simpler group ratio algorithm. We create such an 

algorithm by calculating for each amino acid, by position, the 
average log of binding when that particular residue occurs in 
our set of motif containing peptides. The algorithm score for 
a peptide is then taken as the sum of the scores by position 
25 for each of its residues. 

Example 14 

Preparation of effective hia aiiei^^gpe^ if ie an^Sgoy, 

presenting ceiis, 

This example demonstrates the use of cold temperature 
30 incxibation or acid stripping/ peptide loading method to prepare 
effective HIA-allele-specif ic antigen presenting cells (APC) . 
The APC were used to sensitize precursor cytotoxic T 
lymphocytes which led to the development of antigen-specific 
cytotoxic cells. This was 'accomplished using either 
35 phytohemaglutinin (PHA) T-cell blasts or peripheral blood 
m nonuclear cells (PBHC) or staphylococcus aureus Cowan I 
(SAC-I) activated PBMC as APC. The results are applicable to 
other APC and to th ther MHC alleles. 
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The foil wing describes sources for naterials used in 
the following examples: 

L-Ascorbic acid. Cat #B582, J.T. Baker, Phillipsburg, 
NJ. 

Anti-HIA A2 (BB7.2), Cat #HB82, ATCC, Rockville, MD. 
Anti-HLA OR (LB3.1), from J. Gorga, Children's 
Hospital, Pittsburgh, PA. 

Anti-HLA Alpha chain pan ABC (9.12.1), from R. 
DeMars, University of Wisconsin, Madison, HI. 
Anti-mouse IgG FITC conjugate) Cat #F2883, Sigma, St. 
Louis, HO. 

^jmicroglobulin. Cat #M0114, Scripps Labs, San Diego, 
CA. 

BSA Fraction V, cat #A9418, Sigma, St. Louis, MO. 
50CC conical centrifuge tubes, cat #2070, Falcon, 
Lincoln, Park, NJ. 

Cryo 1*C freezing container. Cat #5100-0001, Malge, 
Rochester, MY. 

Cryovial, Cat #5000-0012, Nalge, Rochester, MY. 
Dimethyl sulfoxide (DM80) , Cat #D2650, Sigma, St. 
Louis, MO. 

DNAse, cat #260912, Calbiochem, San Diego, CA. 
Dynabeads M-450 goat anti-mouse IgG, Cat #110.06, 
Oynal, Great Neck, NY. 

EDTA tetrasodium salt. Cat #ED4SS, Sigma, St. Louis, 
MO. 

FACScan, Becton Dickinson, Ssm Jose, CA. 

Fetal calf serum (FCS) , Cat #3000, Irvine Scientific, 

Irvine, CA. 

Ficoll-Paque, Cat #17-0840-03, Pharmacia, Piscataway, 
NJ. 

Gentamicin, cat #600-5750AD, Gibco, Grand Island, NY. 
L-Glutamine, Cat #9317, Irvine scientific, Irvine, 
CA. 

GS-6KR centrifug , Beckman Instruments, Palo Alto, 
CA. 

Human AB serum (HS) , Cat #100-112, Gemini 
Bioproducts, Calabasas, CA. 
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Hvunan rIL-2, Sandoz, Basel, Switzerland. 
Human rlL-7, Cat #F1-1587-1, Genzyne, Cambridge, MA. 
Isopropanol, Cat #A464-4, Fisher Scientific, 
Pittsburgh, PA. 

5 MicroCELLector T-150 culture flask for selection of 

CD4-t- cells. Cat #8030, implied Immiine Sciences, Henlo 
Park., CA. 

Micromedic automatic gamma counter, ICN Micromedics 

Systems, Hiwtsville, AL. 
10 OKT4 hybridoma supernatant. Cat #CRL 8002, ATCC, 

Rockville, MD. 

Paraformaldehyde, Cat #T-353, Fisher, Pittsburgh, PA. 

PBS calcium and magnesium free (CHF) , Cat /17-516B, 

BioWhittaker, Hallcersville, MD. 
15 Peptides used in this study were synthesized at Cytel 

and described in Table 24 a. 

Phytohemagglutinin (PHA) , Cat #HA-16, Wellcome, 
Dartf ord, England. 

HPMI 1640 + Hepes + glutamine, Cat /12-llSB, 
20 Biolftxittaker, Nalkersville, MD. 

RPMI 1640 + Hepes + glutamine. Cat /380-2400AJ, 
Gibco, Grand Island, NY. 

Sodium chloride (NaCl) , Cat #3624-05, J.T. Baker, 
Phillipsburg, NJ. 
25 Sodium (^^Cr) chromate. Cat #NEZ 030, nen, 

Wilmington, DE. 

Sodium phosphate monobasic. Cat #S9638, Sigma, St. 
Louis, MO. 

Triton X-100, Cat #X-100, Sigma, St. Louis, MO. 
30 24 well tissue culture plate. Cat #3047, Falcon, 

- Becton Dickinson, San Jose, CA. 
96 well D-bottomed cluster plate. Cat #3799, Costar, 
Cambridge, MA. 

35 culture Medium. PHA blasts and CTL inductions were d ne in 
RPMI 1640 + Hepes glutamine (Gibco) stipplemented with 2 mM 
L-glutamin (Irvin Scientific) , 50 ng/ml gentamicin (Gibco) , 
arid 5% heat inactivated po led human Type AB serum (Gemini 


wo 94/03205 


PCr/US93/07421 


73 

Bioproducts) [RPMI/S% HS]. EBV transformed lyi^hoblastoid 
cell lines (LCL) were maintained in RPHI 1640 Hepes -t- 
glutaaine (BioWhittaker) supplemented with L-glutamine and 
gentaaicin as above and 10% heat inactivated fetal calf serum 
(Irvine Scientific) [RPHI/10% FCS]. Chromium release assays 
were performed in RPMI/10% FCS. 

Cytokines. Recombinant human inter leukin-2 (rIL-2) (Sandoz) 
was used at a final concentration of 10 D/ml. Recombinant 
human inter leulcin-7 (rlL-7) (Genzyme) was used at a final 
concentration of 10 ng/ml. 

Isolation of Peripheral Blood Mononuclear Cells (PBMC) . Whole 
blood was collected in heparin (10 U/ml) containing syringes 
and spun in 50co conical centrifuge tubes (Falcon) at 1600 rpm 
(Beckman 6S-6KR) 15 min. The plasma layer was then removed 
and 10 ml of the buffy coat collected with a lo ml pipette 
using a circular notion. The buffy coat was mixed thoroughly 
and diluted with an equal volume of serum free RPHI 1640. The 
diluted buffy coat was then layered over 20 ml Ficoll-Paque 
(Pharmacia) in a SOcc conical tube and centrifuged 400 x g for 
20 min at room temperature with the brake off. The 
Ficoll-plasma interface containing the PBMCs was collected 
using a transfer pipet (two interfaces per SOcc tube) and 
washed three times with 50 ml RPMI (1700, 1500, and 1300 rpm 
for 10 min. 

Freezing and Thawing PBMC. PBMC were frozen at 30 x 10® 
cells/ml of 90% FCS + 10% DHSO (Sigma), in l ml aliquots using 
cyrovials (Nalge) . Cryovials were placed in Cryo 1*C freezing 
containers (Nalge) containing isopropanol (Fisher) and placed 
at -70»c from 4 hr (minimum) to overnight (maximum). 
Isopropanol was changed after every 5 uses. Cryovials were 
transferred to liquid nitrogen for long term storage. PBMC 
were thawed by continuous shaking in a 37*c water bath until 
the last crystal was nearly thawed. Cells were immediately 
diluted int serum fr e RPMI m diun containing DNAse 30 Mg/nl 
(t av id dumping) (Calbi chem) , and washed twice. 
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Depl txon of Lymphocyte Subpopulatxons • CD4 lymphocyte 
depletion was perf rmed using. antibody *coa ted flasks: 
MicroCELLector T-150 flasks for th selecti n of CD4+ cells 
(Appli d Immune Sciences) were washed according to the 
5 manuf actxarer * s instructions with 25 ml PBS CKF + i mH EDTA 

(Sigma) by swirling fl2isks for 30 sec followed by incubation 
for 1 hr at room temperature on a flat surface. Buffer was 
aspirated and flasks were washed 2 additional tdbnes by shaking 
the flasks for 30 sec and maintaining coverage of the binding 

10 surface. To each washed flask, 25 ml culture medium + 5% HS 
were added and incubated for 20 min at room temperature on a 
flat siirface. Media was left in the flask until it was ready 
to receive the cells. PBMC were thawed in RFHI/5% HS 
containing 30 fig /ml DNAse, and washed twice. HS in the wash 

15 blocks Fc receptors on PBMCS. For one flask a maximum of 12 x 
10^ cells were resuspended in 25 ml culture medium. Culture 
medium was aspirated from the flask and then the cell 
suspension was gently added to the MicroCELLector. Flasks 
containing the cells were incubated for 1 hr at room 

20 temperature on a flat surface. At the end of the incubation, 
the flask %ras gently rocked from side to side for 10 sec to 
resuspend the nonadherent cells. Nonadherent CD4 depleted 
cells were harvested, and then flasks were washed twice with 
PBS CMF to collect the nonadherent cells. Harvested 

25 CD4-depleted cells were pelleted by centrifugation and 
resuspended in complete culture medium (RPMI/5%/HS) . 

Generation of PHA Blasts. PBMC were isolated using the 
standard Ficoll-Pague protocol. Frozen cells were washed 

30 twice before use. Cells were culttxred at 2 x 10^/ml in 
RPMI/5% HS containing l fig/ml PHA (Wellcome) and 10 U/ml 
rIL-2. PHA blasts were maintained in culture medium 
containing 10 U/ml r IL-2 with feeding and splitting as 
heeded. PHA blasts were used as APC on day 6 of culture. 

35 Generation of empty class I molecules and peptide loading were 
nly performed by the acid strip method when using these APC. 
Acid Stripping/ Peptide L€>ading of PBMC and PHA Blasts. PBMC 
were isolated using the Ficoll-Pague pr tocol. When using 
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frozen cells, PBMC were washed twice bef re using. PHA blasts 
were pr pared as previ usly described and washed twice bef re 
using. Once cells were prepared, they were washed once in 
cold sterile 0.9% NaCl (J.T. Baker) + 1% BSA. In a 50cc 
5 conical centrifuge tube, the cells were resuspended at 10*^ /ml 
in cold sterile citrate-phosphate buffer (0-13 M L-ascorbic 
acid (J.T. Baker), 0.06 H sodium phosphate monobasic (Sigma) 
pH 3, 1% BSA, 3 Mg/ml ^2^icroglobulin (Scripps Labs)] and 
incubated for 2 min on ice. Immediately, 5 volumes of cold 

10 sterile neutralizing buffer #1 [0.15 M sodium phosphate 

monobasic pH 7.5, 1% BSA, 3 tig/vil iSsmicroglobulin, 10 fig /ml 
peptide] were added, and the cells were pelleted at 1500 rpm, 
5 min at 4«C. Cells were resuspended in 1 volume cold sterile 
neutralizing buffer #2 [PBS CMF, 1% BSA, 30 lig/ml DNAse, 3 

15 /ig/ml /32microglobulin, 40 fiq/nl peptide] and incubated for 4 
hrs at 20«C. Cells were diluted with culture medium to 
approximately 5 x 10^/ml and irradiated with 6000 rads. Cells 
were then centrifuged at 1500 rpm for 5 min at room 
temperature and resuspended in culture medium. The acid 

20 stripped/peptide loaded cells were used immediately in the CTL 
induction cultures (below) « 

Xnductioii of Primary CTL using Acid Stripped /Peptide Loaded 
Autologous PBMCs or PEA Blasts as Stimulators. Acid 

25 stripping/peptide loading of PBMC and PHA blasts are described 
above. During the last 4 hr incubation of stimulator cells 
with peptide, the responder cell population was prepared: 
Responders were PBMC that were depleted of CD4-h cells 
(described above) . Responder cells were resuspended in 

30 culture medium at 3 x 10^/ml. 1 ml of the responder cell 

suspension was dispensed into each well of a 24-well tissue 
culture plate (Falcon, Becton Dickinson) . The plates were 
placed in the incubator at 37 «C, 5% CO2 until the stimulator 
population was ready. Once irradiated, stimulator APC were 

35 resuspended in culture medixim c ntaining 20 ng/ml rIL-7 at 
lO^/ml for th PBMC, r at 3 X lO^/ml f r th PHA blasts. 1 
ml of stimulator cell suspensi n was added per well t the 
plates c ntaining the responders. On day 7 after inducti n, a 
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100 fil culture m diiim containing 200 ng/ml rIL-7 was added to 
each well (20 ng/well rIL-7 f inal) . On day 10 after 
induction, 100 ^1 of culture medium containing 200 U/ml rIL-2 
was added to each veil (20 U/vell rIL-'2 final) . 

5 

Antigen Restimulation of CTL. On day 12-14 after the 
induction, the primary CTL were restimulated with peptide 
using adherent APC. Autologous PBHC were thawed and washed as 
described above. Cells were irradiated at 6000 rads. Cells 

10 were pelleted and resuspended in culture medium at 4 x 10^/ml. 
1 ml of cell suspension was added to each well of a 24-well 
tissue culture plate, and incubated for 2 hrs at 37*C, 5% C02. 
Non-adherent cells were removed by washing each well three 
times with serum free RPMI. After this step, a 0.5 ml culture 

15 medium containing 3 tig/nl fi2^^^^^^^^^ Mg/al total 

peptide was added to each well. APC were incubated for 2 hrs 
at 37 "C, under 5% CO2 with the peptide and ^2^^^^9^o^^^'^* 
Wells were aspirated and 1 ml of responder cells at 1,5 x 
10^/ml in culture medium was added to each well. After 2 

20 days, 1 ml of culture medium containing 20 U/ml rIL-2 was 
added to each well. 

cytotoiricity Chromium Release Assay • Seven days following 
restimulation of primary induction, the cytotoxic activity of 
25 the cultures was assessed. 

a. EffePtPr ggll Pr?pqrati9n: tbe responders, 
which at this stage are renamed "effectors**, were centrifuged 
and resuspended at l6^/ml in RPMI/ 10% PCS. Three-fold serial 
dilutions of effectors were performed to yield effector to 

30 target ratios of 100:1, 33:1, 11:1, and 3:1. Effector cells 
were airguoted at 100 Ml/well on 96 well U-bottomed cluster 
plates (Costar) , in duplicate. 

b. Target Cell Preparation t Approximately 16-20 
hrs prior to the assay, target cells were resuspended at 3 x 

35 lO^/ml in RPHI/10% FCS in the presence or sibsence of 3 fig/iDl 
fi2^^ogl bulin and 10 M9/al total peptide. After 
preincubation, target cells were centrifuged and pellets were 
resuspended in 200 til (300MCi) sodium (^^Cr) chromate (NEN) . 
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Cells were incubated at37«Cfrllir with agitation. 
Labelled target cells were washed 3 times with RFHI/10% FCS. 

c, Setting-Op the Assays : Target cell c ncentration 
was adjusted to 10^/ml in RPHI/10% FCS and 100 Ml aliquots 
5 were added to each veil containing responders. K562 cells 

(cold targets, to block NK, and LAK activity) were washed and 
resuspended in SFHI/10% FCS at lO^/ml. Aliquots of 20 nl were 
added per well, yielding a 20:1 of cold K562 target: labelled 
target. For the determination of the spontaneous ^^Cr 

10 release, 100 /tl/well of SPMI/10« FCS were added to 100 Ml/vell 
of laibelled target cells, and 20 /il/well of K562. For maximum 
^^Cr release, 100 Ml 1% Triton X-100 (Sigma) in PBS CHF, was 
added to the 100 Ml/well labelled teurget cells, and 20 Ml/vell 
K562. Plates were centrifuged for 2 min at 1200 rpm to 

15 accelerate cell conjugate formation. Assays were incubated 
for 5 hr at 37*C, 5% C02* Assays were harvested by 
centrifuging plates for 5 min at 1200 rpm and collecting 100 
Ml/well of supernatant. Standard gamma counting techniques 
were used to determine percent specific lysis (Micromedic 

20 automatic geunma counter, 0.5 min per tube). 

CaltuTBd Cell Lines ^ JY, a HLA A2.1 expressing h\man 
EBV-transformed B-cell line, was grown in HFHI/10% FCS. K562, 
a NK cell sensitive erythroblastoma line was grown in ItFMI/10% 
25 FCS. K562 was used to reduce background killing by NK and LAK 
cells in the chromium release assays. 

Peptides. The peptides used in these studies were synthesized 
at Cytel and their sequences are described in Table 24 a. 
30 Peptides were routinely diluted in 100% DMSO at 20 mg/ml, 
aliquoted, and stored at *20*C. 

FACS Analysis. Approximately 10^ cells were used for each 
antibody that was to be tested. Cells were washed twice with 
35 PBS CNU + 0.1% BSA. To each sample, 100 Ml PBS CHF + 0.1% BSA 
+ primary antibody at 2 ng/ml (BB7.2, ATCC) or (9.12.1, 
Inserm-CNRS, Marseille, Franc ) r (LB3.1, Children's Hospital 
Pittsburgh) wer add d. A negative c ntrol was always 
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* r 20 Bin and washed 
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. cells and BadiolaDelled Peptade. 
Binding Assays Using ^«*»f .^^^^-phosphate buffer and 
- cells were --d .,..e. - -^^^t^t:. 

neutralizing buffer #^ a ^ ^^^^^ ^""^^^^^kL 

were left untreated in ^^^^e with serum free ^ 

both cell populations ^^^e «she 015-27) peptxde 

loaded with ^^^^-^^^^^^^ . determine binding 
.standard chloram^e T od«.^^^ , .oo .1 

specificity. 2 X 10 /^^^ ij^d above) containing 
J^tralizing buffer #2 (<»es«:ibe ^^^^^ cells 

^s,.s.i.01 (10^ /''at 20.0 and washed twice with serum 
were incubated for 4 ^« ,,,,, .ere resuspended in 

free BPMI to remove ^^ee pepti the cell 

200 Ml Of serum free SPKI. ^.o^i rcs and pelleted by 
sUnsion was layered over an ^O J^^^ ^^^,,,,ed and ^e 

cenLifugation ^ ^c, S^pern^^^^ ^^^^^^^ ^^,^„,e,,e 
radioactivity remaining in ^ 
automatic gamma counter. 1 P 
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the mild acid soluti ns of this example do not affect the 
cell's viability r metabolic state. The mild acid treatment 
is rapid since the stripping f endogen us p ptides occiirs in 
two minutes at A'^C and the APC is ready to perform its 
5 function after the appropriate peptides are loaded. In this 
example ve utilized the technique to make peptide specific 
APCs for the generation of primary antigen-specif ic CTL. The 
resulting APC were efficient in inducing peptide*specif ic CD8+ 
CTL. 

10 

Measurements by FACS Analysis. PHA--induced T-cell blasts were 
acid stripped/peptide loaded according to the methods 
described in Example 15. The resulting cells were stained for 
FACS analysis using anti-HLA-A2 (BB7.2) and anti-HLA alpha 

15 chain-specific (9.::12.1] monoclonal antibodies. Controls for 
this experiment included the same cell population which was 
not treated at pH 3 (but treated with PBS buffer at pH 7.2), 
and with cells treated with citrate-phosphate buffer (to strip 
the MHC) but neutralized in the absence of ^2^^^^^^^^^^^ 

20 peptide. The results presented in Figure 15, indicate that 
treatment of these cells with the citrate*phosphate (pH3) 
buffer significantly reduced (10-fold) the reactivity of the 
cells toward both anti-HLA class I antibodies alone 
(anti-HIA-A2 and the alpha chain specific) , but not towards a 

25 monoclonal antibody specific for class II MHC molecules 
(anti-HLA-DR) • Host importantly, neutralization of the 
acid-stripped cells in the presence of ^2^^^^°9^obulin and 
peptide resulted in preservation of a significant amount of 
class I MHC antibody-reactive sites, with only a 2.5-fold 

30 decrease in fluorescence intensity. Impoirtantly, the 

acid-treated cells remained viable, as measured by trypan blue 
exclusion and forweurd/ lateral FACS scatter analysis. Similar 
results were obtained using EBV-transformed B cell lines, 
fresh (or frozen) PBHC and other peptides (which bind to 

35 either HLA-A2.1 or HLA-Al) (data not shown). 

Binding of Radiolabeled Peptides to Empty MHC Molecul s. T 
d termine the efficiency f peptide 1 ading using the cold 
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temperature incubation or acid stripping/ peptide 1 ading 
protocol, JY cells (an HIiA-A2.1 EBV-transf ormed B cell line) 
were preincubated at 26 *C ovexmight or acid-stripped to remove 
the end genous MHC-associated peptides and the loading f 
exogenous peptide vas determined using a ^^^I-radioleUoelled 
HLA-A2.1 binding peptide. The specificity of this reaction 
vas determined by measuring the inhibition of IsUDelled peptide 
binding using a cold peptide of the same sequence* Results 
presented in Table 24 b demonstrate that acid-treatment of the 
cells increased significantly (approximately 10-fold) the 
amount of labelled peptide binding to the JY cells. 
Furthermore, the binding of labelled peptide was completely 
blocked by the addition of the cold peptide, demonstrating 
specific binding (data not shown) • 

In vitro Induction of Primary Antigen-Specific CTL Using Acid 
Stripped /Peptide Loaded APCS. Additional critical parameters 
for the induction of primary CTL using both the cold 
temperatiure incubation and acid strip protocol are: 1) 
enrichment of CD8-f T-cells in the responder cell population 
(or depletion of CD4+ T-cells) , 2) addition of rll>7 to the 
CTL induction cultures from day 0, and 3) restimulation of the 
cultures with antigen on day 12-14 using autologous adherent 
cells pulsed with peptide. Results presented in Figs. 16 and 
17 show experiments performed using PBMC and PHA-induced T- 
cell blasts as AFC. Figure 18 shows experiments using PHA- 
induced T-cell blasts as APC while Figure 19 shows the use of 
PBMC as APC. 

Exaqpi^e 16 

' Screening peptides to Identify CTL epitopes. 
In order to identify CTL epitopes, CTL was stimulated 
by SAC-I activated PBMCs as APC. Cold tes^erature expression 
of the MHC in which class 1 /9-2-microglobulin complex is 
unstable was utilized in addition to acid stripping to 
generate PBMC APC. 
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Compl t Culture Medium. The tissue cultiire medium used in 
this study c nsisted of SPMI 1640 with Hepes and L-glutamine 
(Gibco) supplemented with 2 mM L-glutamine (Irvine 
Scientific), O.SaM sodium pyruvate (Gibco), 100 U/lOO ug/ml 
5 penicillin/ streptomycin (Irvine) , and 5% heat-inactivated 

Human Serum Type AB (SPMI/5% HS; Gemini Bioproducts) . Culture 
media used in the growth of EBV-transformed lines contained 
10% heat-inactivated fetal calf serum (RPMI/10% FCS, Irvine) 
instead of human serum. 

0 

Cytokines. Recombinant human Interleukin-2 (rIL-2) and 
Interleulcin-4 (rIL-4) were obtained from Sandoz and used at a 
final concentration of 10 U/ml and lo ng/ml, respectively. 
Human interferon-^ (IFN-7) and recombinant human Inter leuJcin-7 
5 (rlL-7) were obtained from Genzyme and used at 20 U/ml and 10 
ng/ml, respectively. 


Peptides, Peptides were synthesized at Cytel and are 
described in Table 24 a. Peptides were routinely diluted in 
100% DKSO at 20 mg/ml, aligiioted, and stored at -70 until 
use. 

Cell Lines. JY, Steinlin, EHM, BVR, and RT3 are homozygous 
human EBV-transformed B cell lines expressing HIA Aj Aj, Aj, 
A^j, and A24, respectively. They are grown in SPHI/10% FCS. 
K562, an NK cell sensitive, erythoblastoma line grown in 
RPMI/10% FCS, was used for reduction of background killing in 
CTL assays. Melanoma cell lines either expressing the MAGE 
antigen, mel 397 and mel 938, or not expressing the KAGE 
antigen; mel 888, were also grown in RFMI/10% PCS. 

Isolation of Peripheral Blood Mononuclear Cells (PBMCs) . 
Whole blood was collected into heparin containing syringes and 
spun in SOcc tubes at l6od' RPM (Beckman GS-6KR) for 15 
minute , Th plasma layer was then removed and 10 ail of buf fy 
coat was collected with a pipette using a circular motion. 
Th buf fy e at was mixed well and diluted with an equal volume 
f RPMI. The buffy coat (30 ml) was then layered n 20 ml f 
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Fic 11-Paque (Pheunaacia) and centrifuged at 1850 RPM (400xg) 
for 20 minutes, 25''C, with the brake off. The interface 
b tween th Ficoll and the plassa c ntaining th PBHCs was 
recovered with a transfer pip t (two interfaces per 50 ml 
5 t;ibe) and washed three times with 50 ml of RPKi (1700, 1500, 
and 1300 RPM for 10 minutes) . Cells were resuspended in 10-*20 
ml of culture medium, counted, and adjusted to the appropriate 
concentration* 

10 freezing PBHCs. 30 million cells/tiibe (90% FCS/10% DHSO; 
Sigma) were inserted into a Nalgene Cryo l^c Freezing 
Container containing isopropanol (Fisher) and placed at -70^0 
from 4 hrs (minimum) to overnight (maximum) . The isopropanol 
was changed every five times. Tubes were transferred to 

15 , licpiid nitrogen for long term storage. To thaw, PBMCs were 
continuously shaken in a 37 ""C water bath until the last 
czTstal was almost thawed (tubes were not allowed to sit in 
the water bath or at room tes^erature for any period of time) • 
Cells were diluted into serum-free RPHI containing 30 M9/ml 

20 DNase to prevent clumping by dead cell DNA and washed twice. 

JnductioA ot Primary CTL Using SAC^I Activated PBJIfCs as APCs 

a. Prgparation Qf APCs: PBMCs were purified using the 
standard Ficoll-Pague protocol and resuspended at 1 x 10^/ml 

25 in RFMI/5% FCS containing 0.005% Pansorbin cells (SAC-I cells 
expressing Protein A; Calbiochem) , 20 Mg/nl Immiuiobeads 
(Rabbit anti-Human IgM; Biorad) , and 20 ng/ml of hiuoan rIL-4. 
Two ml of cells per well were plated in a 24-well plate 
(Falcon, Becton Dickinson) and cultured at 37 •c. After 3 

30 days, the medium was removed and the cells were washed three 
times followed by addition of RFHI/10% HS. The cells were 
used after culturing for an additional 2 days in HPMl/io% HS. 

Expression of empty Class I molecule s on the surface of 
35 APCs and peptide loading of APCs. 

1. Cold ten^erature incubation: 

a. Expressi n f empty MHC in APCs: The APCs 
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were adjusted t a concentration of 2 x 10^/ml in complete 
cultiire medium containing 10 ng/ml 20 U/ml human IFN-7, 

and 3 M9/ml ^2-micr globulin (jS^s^; Scripps Lab). The cells 
were then incubated overnight at 26«C in the presence of 5% 
5 C02* It should be noted that these cells only express a 
fraction of Class I molecules in the empty state (*10%). 

b. Peptide loading of APC stimulator cells: 
Empty Class I expressing APCs were washed 1-2 times with 
senan free RFHI (+ L-glutamine and Hepes) and resuspended at 1 
10 X lo'^ in serum-free RFHI containing 50*Mg/ml total of the 

peptide pool (i«e., 16.7 fig /ml of each peptide in a pool of 
three; 25 tig/ml of each peptide in a pool of two; 50 ng/ml of 
individual peptide), 30 fig/ml DNAse, and 3 fig/ml $2^. 
Following a 4 hour inctibation at 20<*C, the cells were 
15 irradiated at 6100 rads (5 x 10^/ ml; 25 million cells/tube), 
washed and adjusted to the appropriate concentration for 
addition to the induction culture (see below) . 

2* Acid stripping: This was used as an 
alternative method for generating empty HHC on the surface of 
20 the APCs. The SAC-I activated PBMCs were washed once in cold 
0.9% sodium chloride (J.T. Baker) containing 1% BSA. The 
cells were resuspended at 10^ /ml in cold citrate*-phosphate 
buffer (0.13M L-ascorbic acid [J.T. Baker], 0.06M sodium 
phosphate monobasic [Sigma], pH3) containing 1% BSA and 3 
25 fig /ml incubated on ice. After 2 minutes, 5 volumes of 

cold 0.15M sodium phosphate monobasic buffer, pH7.5, 
containing 1% BSA, 3 fig/ml 02^/ ^0 Mg/nl peptide 
[neutralizing buffer /I] was added and the cells centrifuged 
at 1500 RPM for 5 minutes at 4«C* The cells were resuspended 
30 in 1 ml of cold PBS containing 1% BSA, 30 fig /ml DNase, 3 fig /ml 
/Sjmicroglobxilin, and 50 fig/ml peptide [neutralizing bxxffer #2] 
and incubated for 4 hours at 20 •C. As above, subsequent to 
the four hour incubation at 20«C, the cells were irradiated at 
6100 rads (5 x 10^/ ml; 25 million cells/tube), washed, then 
35 adjusted t the appropriate c ncentration for additi n to th 
induction cultur (s e below) • 
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c. Preparation of the CD4+ dep leted PBMC respondgi- eell 
population f depletion of Ivmphocvte sub^ populati9ps using 
ATS flasks^ . AIS MicroCellect r T-150 flasks (specific 
f r the depletion of CD4+ T cells; Menl Park, CA) were 
5 primed by adding 25 ml of PBS/1 mM EDTA, swirling for 30 
seconds so that all surfaces were moistened, and then 
incubating with the binding surface down at room temperattire 
for 1 hour. Following this incubation, flasks were shaken 
vigorously for 30 seconds, washed 1 time with PBS/EDTA, 2 
10 additional times with PBS and then incubated with 25 ml of 
culture medium for 15 minutes. PBHCs were thawed in 
serum-free RPMI (+ L-glutamine + Hepes) containing 30 fig/ml 
DNAse, washed once, and incubated for 15 minutes in cultiire 
medium. Following aspiration of culture medium from the 
15 flasks, up to 180 million PBMCs were added in 25 ml of culture 
medium containing 30 /ig/ml DNAse. After 1 hour at room 
temperature, the flasks were rocked gently for 10 seconds to 
resuspend the nonadherent cells. The nonadherent cell 
suspension containing the C08-»- T cells was collected and the 
20 flasks were washed 2 times with PBS. The CD4+ T cell depleted 
PBMCs were centrifuged and counted for addition to the 
induction culture. The C04+ and CD8+ phenotype of the CD4+ 
depleted cell population was determined by FACS analysis (see 
below). In general, this technique resulted in a two-fold 
25 enrichment for CD8+ T cells with an average of approximately 
40-50% CD8+ T cells and 15-20% remaining CD4+ T cells 
following depletion of CD4+ T cells. Depletion of CD4+ T 
cells can also be accomplished by antibody and con^lement or 
antibody coated magnetic beads (Dynabeads) . Depletion of CD4+ 
T cells served the purpose of enriching CTLp and removing 
cells which would complete for cell nutrients and may 
interfere with CTLp es^ansion. 

Induction of primary gn.^ During the 4 hour peptide 
loading of the stimulator APCs, CD4+ depleted PBMC to be used 
as the responder population were prepar d utilizing AIS flasks 
for selecti n of CD8+ T cells through the depletion of CD4+ T 
cells (above). The resp nder cells were plated at 3 x 10^/ml 
in a 1 ml V lume (24 well plate) and placed at 37*C until the 
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peptid loaded stimulator APCs were prepared. The irradiated, 
peptid loaded APCs were washed 1 tine in Eerum-free RPMI (+ 
L-glutaaine and Hepes) , adjusted to ixlO^/nl in c mplete 
medium, and plat d int a 24 well plate at l ml/plate: F r 
5 PBMC, 1 X 10® stimulator cells (i ml volume) were plated into 
the wells containing the responder cells; For SAC-I activated 
PBMC and PHA blasts, l ml of 3 x loS/ml stimulator cells were 
plated in each well. A final concentration of 10 ug/ml of 
additional peptide was added in addition to lo ng/ml final 
10 concentration of rIL-7 (2 ml total volume) . on day 7 an 

additional 10 Mg/nl rIL-7 was added to the culture and 10 U/ml 
rIL-2 was added every 3 days thereafter. On day 12, the 
cultures were restimulated with peptide pulsed adherent cells 
and tested for cytolytic activity 7 days later (below). 


15 


Protocol for Restimulation of Primary CTL Using Adherent APC, 
PBMCs were thawed into serum-free RPMI (+ L-glutamine and 
Hepes) containing 30Mg/ml DNAse, washed 2 times, and adjusted 
to 5 X 10® /ml in culture medium containing DHAae. PBMCs (25 

20 million cells/tube in 5 ml) were irradiated at 6100R. Afte|r 1 
%m6h, the PBMCs were resuspended in culture medium and 
adjusted to 4 x 10«/ml. i ml of irradiated PBMCs was added 
per well of a 24-well plate. The PBMC were incubated for 2 
hours at 37 'c, washed 3 times to remove non-adherent cells, 

25 and cultured in medium containing 20 Mg/ml total peptide and 3 
Mg/ml ^2»i«oglobulin added in a 0.5 ml volume and again 
incubated for 2 hours at 37»C. The peptide was aspirated and 
1.5 X 10® responder cells resuspended in culture medium were 
added in a 1 ml volume. After 2 days, l ml of culture medium 

30 containing 20 U/ml rIL-2 was added. 

FACS Analysis, one million cells/tube were centrifuged, 
resuspended in lOO ul/tube PBS/0.1% BSA/0.02% sodium azide 
(Sigma) plus 10 ul/tube directly conjugated antibody (Becton 
35 Dickinson) , and incubated on ice 15-20 minutes. Cells were 
then washed 2 times with PBS/0. 1% BSA/0.02% s dium azide and 
resuspended in PBS to analyze on FACScan (Bedcton Dickins n) . 
When it was not possibl to analyze samples within 1-2 days, 
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cells were fixed with PBS containing i% paraf nnaldehyde 
(Fisher) and analyzed within one week. 

cytotoxicity Assay 
^ a* Target cell preparation. Approacinately 16-20 hours 

prior to the CTL assay, target cells (Class I matched 
EBV-transfonned lines) were washed once and resuspended in a 
10 ml volume at 3 x lO^/ml in RPMI/5% FCS in the presence or 
absence of 10 M9/nl total peptide. 
^0 b. Labeling of target ean«« Target cells were 

centrifuged and resuspended in 200 Ml/tube sodium ^^Cr 
chromate (NEH) , then incubated at 37 for 1 hour on a shaker. 
Targets were washed 3 times (10 ml/wash) with RPMI/10% FCS and 
resuspended in 10 ml (to determine the efficiency of 
15 labelling, 50 Ml/target was counted on the Micromedic 
automatic gamma counter) . 

c. CTL assay. Target cells were adjusted to 2 x lO^/ml 
and 50 *»! of the cell culture was added to each well of a 
U-bottomed 96-well plate (Costar Corp.) for a final 
20 concentration of 1 X 10*/well. K562 cells were'washed once, 
resuspended at 4 x 10«/ml, and 50 Ml/well was added for a 
final concentration of 2 x lO^/well (ratio of cold K562 to 
target was 20:1). Responder cells were washed once, 
resuspended at 9 x l0«/ml, and three fold serial dilutions 
25 were performed for effector to target ratios of 90:1, 30:i, 

10:1, and 3:1. Responder cells were added in a volume of 100 
Ml in duplicate wells. For spontaneous release, 50 Ml/well of 
labelled target cells, 50 Ml/well K562, and 100 Ml/well of 
medium was added. For maximum release, 50 Ml/well target, so 
30 Ml/well K562, and 100 Ml/well of 0.1% Triton-XlOO (Sigma) was 
added. -Plates were centrifuged for 5 minutes at 1200 rpm. 
Following a 5 hour incubation at 37«C, plates were centrifuged 
again for 5 minutes at 1200 RPM, and lOO Ml/well of 
supernatant was collected.* Standard gamma counting techniques 
35 (Micromedic automatic gamma counter; 0.5 minutes/tube) w re 
used t determine the percent specific lysis ac ording to the 
f rmula: % specific lysis - cpm experimental - epm sp ntaneous 
release/cpm maximum release - cpm sp ntaneous release X 100. 
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A cytot xicity assay (CTL assay) was c nsidered positive if 
the lysis by CTL of targets sensitized with a specific peptide 
at the tw highest effector t target (E:T) ratios was 15% 
greater than lysis of control targiets (i.e. , target cells 
5 without peptide) . A cytotoxicity assay (CTL assay) was 
considered borderline if the lysis by CTL of targets 
sensitized with a specific peptide at the two highest effector 
to target (E:T ratios was 6% greater than lysis of control 
targets (i.e., target cells without peptide). 
0 d. Resutt^s. Of the peptides thab bind to the indicated 

alleles, 9 of the 49 MAGE peptides, lO of the 45 HIV peptides, 
3 of the 25 HCV peptides, and 2 of the 20 HBV peptides tested 
to date induced primary CTL in vitro. Representative graphs 
illustrating CTL responses to various immunogenic peptides are 
5 shown for MAGE (Figure 22), HIV (Figure 23), HCV (Figure 24), 
and HBV (Figure 2). The CTL induction data are summarized in 
Table 24 which lists the immunogenic peptides which bind to 
the appropriate MHC and induce primary CTL in vitro. 
Indicated is.^the peptide's sequence, corresponding antigen and 
3 HLA allele to which it binds. Results shown in Figure 20 

Illustrate lysis of peptide sensitized targets. and endogenous 
targets fallowing stiumlation with SAC-I activated PBMCs 
loaded with a MAGE 3 peptide, 1044.07 by the cold temperature 
and incubation technique. Figure 21 shows a comparison of the 
) acid strip loading technique (Panel a) with the cold 
te]q)erature incubation technique (panel b) . 


Although the present invention has been described in 
some detail by way of illustration and example for purposes of 
clarity and understanding, it will be apparent that certain 
changes and modifications may be practiced within the scope of 
the appended claims. 
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TABLE 13 

VALIDATION OF CYTEL'S HLA MOTIFS 


10 


Binding Capacity (ZCsgnM) 


Sequence 

Motif 

Al 

A2a 

A3. 2 

All 

A24 

AADKAAAAY 

Al 

50 

„ . • 




ATAKAAJUIY 

Al 

15 


329 

77 


ATDKAAAAY 

AI 

2.8 


9250 

840 

ND 

AUUCAAJVAV 

A2*l 


125 




AMAAAAAAK 

A3. 2 



46 

8.4 


ATAAAAAAK 

All 



59 

40 


AYAXAAAAP 

A24 





lis 


15 'A daeh indicaces an IC5Q greater than 20.000 nM. 


20 


TABLE 14 

VALIDATION OF CYTEL'S HLA MOTIFS 


25 


30 


SEQUENCE 
AAOKAAAAAY 
AITIKAAAAAY 
ATOXAAAAAY 
ALAKAAAAAV 
AMAAAAAAAK 
ATAAAMAAK 


MOTIF 

Al 

Al 

Al 
A2.I 
A3. 2 
All 


Binding Capacity (ICgo nM) 


Al 
45 

58 
4.0 
NO 
ND 


A2.1 


1400 


•A dash indicates an IC5Q greater than 20,000 nM. 


A3. 2 

1100 
10000 

85 
216 


All 

1030 
4533 

24.0 
88 
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TABLE IS 
KLA-A3.2 


5 

FBPTZOE 

SEQUENCE 

AVERAGE RATIO TO 952.25 

1 SUBSnTUTTnu 


952*25 





952.2£ 

AMMAAAAK 

1.2 

position 2 


952.23 

AVAAAAAMC 

0.95 



961.04 

ASAAAAAAK 

0.69 


10 

952.24 

AZAAAAAAK 

0.57 



952.27 

AAAAAAAAK 

0.57 



981.06 

ATAAAAAAK 

0.49 



961.06 

AFAAAAAAK 

0.13 



Qfit no 

A K & li ft v 

0.077 


15 

'OA *X J 


0.031 



961.12 

AHAAAAAAK 




961.11 

AMAAAAAAK 

U . UOlU 



961.05 

AKAAAAAAK 

AA1£ 



981.07 

AYAAAAAAK 

^ V • ilwW9 


20 

961.10 

AFAAAAAAK 




952.35 

ALAAAAAAR 

0.46 

posxcxon 9 


961.36 

ALAAAAAAY 

0.15 



981.33 

ALAAAAAAA 

0.0034 



981.35 

ALAAAAAAQ 

<0.0006 


25 

961.37 

ALAAAAAAS 

<0.C;i05 



961.38 

ALAAAAAAT 

cO.OOOS 



961.34 

AIAAAAAAN 

<0.0005 



961.39 

AUVAAAAAE 

<0.0003 



30 
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TABLE 16 
HLA-All 


15 


20 


PEPTIDE 

SEQUENCE 

AVERAGE RATIO TO 952 .25 

OUBd i X lul ION 


ALAAAAAAK 

1 


952 .2€ 

AMAAAAAAK 

2.5 

position 2 

952.27 

AAAAAAAAK 

1.1 


952.24 

AXAAAAAAK 

0.72 


981.06 

ATAAAAAAK 

0.55 


981.04 

ASAAAAAAK 

0.46 


981.09 

AGAAAAAAK 

0.36 


952.23 

AVAAAAAAK 

0.23 


981. 11 

ANAAAAAAK 

0.23 



ACAAAAAAX 

0.019 


7 o A . wo 


0.020 


981 12 

&n A A. A & li V 

0.012 


981 .05 


U.UUDd 


981.07 




981.10 

APAAAAAAK 



952. 3S 

ALAAAAAAR 

0 .015 

position 9 

981.33 

AXjAAAAAAA 

<0.0059 


981.34 

ALAAAAAAN 

<0.0071 


981.35 

ALAAAAAAQ 

<0.0051 


981.36 

ALAAAAAAY 

<0,0071 


981.37 

ALAAAAAAS 

<0.00S1 


981.38 

ALAAAAAAT 

<0.0051 


981.39 

AIAAAAAAC 

<0.007l 



30 
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TABLE 17 
HLA-A24 


PEPTIDE 

SEQUENCE 

AVERAGE RATIO TO 983.01 

SUBSTITUTION 

963.01 

AYAKAAAAF 

1 



AFAKAAAAF 

Q .24 

position 2 

984 • 09 

APAKAAAAF 

0 . 0058 






963.11 

AlOUCAAAAF 

<0.0012 


983.05 

AYAXAAAAX 

0.20 

posicion 9 

963.04 

AYAKAAAAL 

O.Il 


963.06 

AYAXAAAAV 

0.0023 


963.02 

AYAXAAAAA 

<0.0012 


963.03 

AYAKAAAAY 

<0.0012 


963.07 

AYAXAAAAK 

<0.0012 
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10 


15 


20 


25 


TABLE 18 
KLA-Al 


30 
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TABLE 19 
HLA-Al 


5 

PEPTIDE 

SEQUENCE 

AVERAGE RATIO TO 982.07 

SUBSTITUTION 


982.01 

ATDKAAAAY 

Mocif 



982.07 

AT7UCAAAAY 

1 



982.01 

AAOKAAAAy 

0.14 

posiLion 3 


9S4.03 

AABKAAAAY 

0 038 

no T in po8 2 

10 

982.02 

AAAKAAAAY 

0 oos^ 



982.06 

AASKAAAAY 

0.0024 



982.04 

AANKAAAAY 

0.0011 



982.03 

AAOKAAAAY 

0.0008 



982.05 

AAXKAAAAY 

<O.Q001 


15 

982.20 

AADKAAAAA 

0.0016 

position 9 


982.21 

AADKAAAAM 

O.OOOS 

no T in pos 2 


982.19 

AADXAAAAP 

<0.0001 



982.22 

AAOKAAAJUC 

<0.0001 
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TABLE 20(A) 

HPV16 E6 AND E7 PEPTIDES BINDING TO HLA-Al 


Orgin 


FirsL aa 
Posicion 


Sequence ' 


Binding Ratio 
CO Standard! 


Hocif 
Prediction 


E6 

80 

ISEYRHYAY ' 

3. SCO 


EC 

69 

VAOKALKPY 

0.240 

♦ 

B7 

44 

OAEPORAHY 

0.029 

♦ 

E7 

37 

EXOGPAGQA 

0.025 


E7 

19 

TTDLYAYEO 

0.023 

♦ 

E6 

144 

MSAARSSRT 

0.019 


E7 

73 

HVDIRTLEO 

0.014 


E6 

139 

HTGRAMSAA 

0.010 


E€ 

61 

YRDGNPYAV 

0.008 

• 


10 


15 


20 


Bold A's indicate residues in which cysteine was replaced by alanine. 
The average ICgo value iSE of the standard in the course of the 
experinencs considered in this table was 81*30 nM. Listed in the table 
are peptides yielding ratio values of .0.001. All other peptides 
yielded ratio values of sO.ooi. 
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TABLE 20(B) 




HPV16 E6 and E7 Peptides Binding lo HLA-A3.2 


5 

Origin 

Pirsc da 
Posicion 

Sequence * 

oinoing Racxo 
to Scandardt 

Motif 
Prediction 


E6 

107 

LIRAINAQK 

3.7000 



E6 

59 

IVYROGNPY 

3.0000 

♦ 


E7 

89 

IVAPIASQK 

2.2000 


10 

E6 

33 

IXLBAVYAK 

1.5000 



E6 

125 

HLDKXORFH 

0.4400 



Efi 

143 

AMSAXRSSR 

0.1800 

♦ 


E6 

7 

AMFQOPOER 

0.1000 

♦ 


E6 

93 

TTLEOOYNK 

0.0780 

♦ 

15 

E6 

37 

AVYAKQOLL 

0.0320 



E7 

51 

HYMIVTFAA 

0.0210 



E6 

145 

SAARSSRTR 

0.0200 



Efi 

75 

KPTSKISEY 

0.0100 

♦ 


B€ 

89 

SLYGTTLEO 

0.0080 


20 

B7 

52 

YNXVTFAAK 

0.0067 



E6 

80 

IS£YRHYAY 

0.0064 



£€ 

42 

QQLLRR£VY 

0.0038 

• 


E6 

€8 

AVAOXALXF 

0.0056 

♦ 


E6 

97 

QOYNKPLAD 

0.0045 

• 

25 

£6 

79 

KISEYRHYA 

0.0044 



£6 

84 

RHYAYSLYG 

0.0036 



£6 

€9 

VAOKALKTY 

0.0025 

♦ 


£6 

146 

AARSSRTRR 

0.0020 

♦ 


£7 

56 

AAKAOSTLR 

0.0016 


30 

E€ 

38 

VYAKQOLLR 

0.0012 



£€ 

67 

' YAVADKALK 

0.0012 



£7 

60 

KAOSTLRLA 

0.0012 



35 


• Bold A' 8 indicate residues in which cysteine was replaced by alanine. 
The average IC50 value iSE of the standard in the course of th 
experiinents considered in this tabl was 30t3 nM. Listed tn Jh« 
are peptides yielding ratio value of .0.001 Ml othS pe«i52 
yielded ratio values of .0.001. «tner. peptiaes 
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9 6 


10 


15 


20 


25 


30 


Orgin 

E6 
E6 
E7 
E6 
B6 
B6 
£6 
E6 
E6 
E7 
E6 


£6 

£6 

E€ 

E7 

E€ 
E6 
E6 
E6 
£7 
£7 


Table 20 IC) 

HPV16 E6 and E7 Peptides Binding to HL^H. 2^ 

Binding Ratio 
to Standard* 


First aa 
position 

33 
93 
89 


59 

80 

37 

X45 

107 

58 

42 

143 
79 
67 
52 
68 
69 
38 
140 
90 
51 


Sequence' 

IILEAVYXK 
TTLEOOWK 
IVXPIASQK * 

AMFQDPOER 

IVYRDGNPY 

ISEYRHYXY 

AVYXKQQX*!- 

SAARSSRTR 

LIRAINAOK 

AJOCADSTLR 

QQLLRREVY 

AMSAXRSSR 

KISEYRHYX 

YAVADKALK 

YNIVTFAAK 

AVADKAUCF 

VADKALKFY 

VYAKQOLl-R 
TGRAMSAAR 
VAPIASQKP 
HYWIVTFAA 


,7000 
1,8000 

1.3000 

0.8400 

0.4700 

0.4300 

0.0450 
0.0330 
0.0120 
0.0110 
0.0084 

0.0084 
0-0076 
0074 
0.0060 
0.0037 
0.0030 
0.0022 
0.0012 
0.0012 
0.0010 


0. 


M3ti£ 
Prediction 


U)5 


_J2 ^ which cysteine -as replaced by alanine. 
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Table 20(0) 
HPV16 E6 and E7 Peptides Binding lo HLA-A24 


Orgin 


First aa 
Posician 


Sequence* 


Binding Ratio 
to Standardt 


Motif 


£6 

87 

AYSLYGTTL 

0.1200 


CO 

72 

KXLKFYSKI 

0.1100 


£6 

13X 

RFHNIRGRW * 

0.1000 


B7 

49 

RAHYNIVTF 

0.0670 


SB 

49 

VYDFAFRDL 

0.0610 


B6 

82 

EYRKYAYSL 

0.0460 

♦ 

E€ 

26 

LOTTlHDri 

0.0200 


E€ 

66 

PYAVADICXL 

0.0055 


B6 

1 

MHQKRTAMF 

0.0049 


E€ 

85 

HYAYSLYGT 

0.0037 


E6 

44 

LLRREVYOF 

0.0023 

♦ 

fi€ 

38 

VYAKOOLLR 

0.0011 



10 


15 


20 


25 


The average IC50 ^«^"« *SE of che scandard in the course of the 
experiinenca considered in chis cable was 22*6 nM. Listed in the eahl« 
^f!iS!5''""? yielding ratio value of .0.001. AH oSS peSiSS 
yielded ratio values of sO.OOl. fCHUiaea 
Brackets indicate score according to adjusted motif. 
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1 

VCiAOVTEY 

ruavor 

AA 
t 

f 

Viffw 
EBNA1 

Smia 


in 

M«tff 

1 1 

Al 
tt«4 

AX2 

All 

! 

1 A24 

IJOAO 1 

PVCEAOYFEY 
C7WVACVFVY | 

10 
10 

ii 

1 401 

SOI 

\ 
} 

u±Am 

U'Vim 




usn ( 

CVFVYGCSK 1 
nSUNUDt 1 

f 
f 

EBNAl I 

» 

514 

xn 
111 


OX 




Aimvunc "n 

• 


579 

XII 


0J1 

ail 

OOM 


lJ0fil7 1 

QTHVACVIX 


E»IA1 1 



5«7 




OJl 


1.1U4 I 

CTAUurocx i 

10 1 

EBNAI 1 



5S I 

XII 

I 
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AA 

Vim 

Strsia 

M«Ucal« 


MM 

A1 

All 

An 

A34 


crajosm 

• 

FLU 

A 

NP 

4i 

1 




SJXSft 1 SILEUtSKY 

« 1 FLU 

A 

NP 


1 





SiXM 

lUECSVAHK 

9 1 FUf 

A 

NP 

ais 



1^ 




RM»ILKCK 

« 1 FLU 

A 








SjOOM 

LMQCsan 

f 1 FLU 

A 

NP 

1M 



OCDI 

ato 


SjOOU 

MIDCICltfY 


FLU 

1 A 



3 


aiB9 



SilMf 

MVtSAFDCX 

9 FLU 

A 

NP 


3 





YIQMCTELK 

9 FLU 

A 

rtr 









9 1 FLU 

A 

rtr 


J 




SAM 

SIMQCSTLPR 


FLU 

A 

NP 

MS 

3 


an 

0J4 



10 

FLU 

A 

NP 

31 

3 


030 



SjOOM t UUBCSVAHK 

10 

FLU 

A 

NP 

MA 

3 


034 




mCAAGAAVK 

to 

FLU 

A 

NP 

ITS 







SSTLELRSKT 

10 1 

FLU 

A 

NP 

JM 

3 






RSRVWAIEIK 

to < 

FLU 

A 

NP 

JS 

3 


am 

Q 



RMVUAFDEK 

10 I 

FLU 

A 

NP 

45 

3 





SJOOkX 

pnoMcm. 

9 1 

FLU 

A 

NP 


3« 




2S 

SJOOtO 

avexmohl 

9 1 

FLU 

A 

NP 

ni 

24 




0011 

sjni3 

iraOMCIEL 

10 1 

FLU 

A 

NP 

M 

34 




ais 
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AA 

Vim* 

Stnin 



MaHf 

Al 

A32 

All 

AM 

ijoissl 

LXCTASALY 


H0V 



49 1 1 

3S 

OjQOV 1 

0 


\mu 

SLOVSAAFY 

• 

HBV 

«dr 

fOL 

ion 1 1 

IT ^ 


00004 


urn 


9 

H8V 1 ALL { 

ucz 

1 1 


ftflDOi 

A 

V 


um 

MSmUAY 


HBV 1 Mr r 

LS31 




w 


ii» 

PTTCnSLY 

♦ 

HBV 

idr 

PCX 

1X2 

1 

077 

0 




LTiaC7nM.Y 


HBV 


fOL 


X 

AVI 

ILUMI 



zns 

LTKOVLNLY 


HBV 



ton 

1 

QjDB 





KVGNFfCLY 


HBV 


POL 

429 

1 

OiHf 




10127 

MSmUAY 


HBV 


LSSO 

1 

0017 







HBV i ffw 


M4 

1 

0057 




2jnu 

PSKVAFAKr : « 

HBV ) 



314 

1 

OflM 





OSAVRKEAY 1 « 

HBV 



Sffi 

] 

ggg 





ruxcaxnr i « 

HBV 


fOL 

4W 

\ 






SUhUXYKTY 


HBV 


POL 

iL^ 

) 





ZiJltS 

ASBOLWSY 


HBV 

J 


KLJi 

\ 






PSKCKLCLY 

9 

HBV 




\ 

EES 




S5ISRNINY 


HBV 




1 






OUOTASMLY 

10 

HBV 


COKE 



lU 

0 

0 


pi^TMr■ 

umvacLY 

10 

HBV 


ENV 



43 

017 

0 



LSLDVSAAFY 

10 

HBV 

ALL- 




42 

<om 

oan7 



aaxarvHLY 

10 

HBV 


POL 

1!-:] 


LI 

0014 

OflOtf 

00017 


QTfGBOHLY 

to 

HBV 

0fm 




Lt 

OdOM 

oou 



KrVCWOHLY 

to 

HBV 



I'.-J 


QJO 

as9 

02 

0 


acrvcwcLKLY 

to 

HBV 


POL 

iL_j 


057 

OS 

03S 

r-ii 

uoa 

QTRaUCLKLY 

nr 

HBV 



1^^ 


037 

QflOV 

oat 



KTRauaHLY 1 10 

HBV 

•dr 


IM'J 


034 

094 

ooo 

Q 

lOMI 

icmaDanLY 

10 

HBV 

mit 


l'..J 


030 

015 

OAS 

0 

imk 

U90PICV1tALY 

fw 

HBV 

adm 

iNV 

mu 


031 

0014 

0 



TTFAOCXSMY 

10 

HBV 

abw 




03D 

0 

0 


ZOEMO 

L95I9(NINY 

10 

HBV 

•dr 

t uoasi 1 

020 

.<oaQV 

0 


tJOMl 

fllMSBSKm 

10 

MV 

•dr 



OLU 

0 

0 



HSAsracsrr i to 

HBV 

•T» 




005 

0019 

O017 

0 


FLTKQYLNLY 

to 

HBV 

adv 

fCL 



012 

0 

0 




10 

HBV 

•df/adw 




Oil 

OOD 

flLfflB 

0 


wuvomorr 

10 

HBV 

atm 

COKE ! 

Kill 


OflBI 





TTMOCIShlY 

10 

HBV 










1 KltKnCACILY 

to 

HBV 

- «dr 
<dr 

POL 

723 







KSVQHU5LY 

to 
to 

HBV 

HBV 



UA 






ijono 

1 NLYVSUiXY 

10 

HBV t «^ 

POL 

1CB9 


mi 




laai 

wMMnnmcrsL 

10 

HBV > «^ 

ENV 

1S9 

It 


0019 

0 



ULtOnCKK 


HBV 


POL 

IBM 



u 

OM 


2mu 

1 tibVAsnrpic 



1 = 1 


713 



099 

IS 


"una 1 cuMOSPviuc 


HBV 


POL 

WO 



OM 



SjOOfi* 1 SAICSWW 


HBV 1 


sn 







1 HLHQOmCK 


HBV 


POL 

«M 



0041 

COBS 


xant 

1 SLPQCHUQIC 

» 

HBV 


POL 

IW 



034 

42 


uaD4 

1 SMfnuLun 

1 10 

HBV 

«dri*d«r 


20 



041 

13 


lOZB 

1 y^iif 'i 1 1 11 

1 10 

HBV 



295 



U 

179 


una? 

1 QAFmmr% 

. 10 

1 HBV 


roL 

Mft 



OU 

U 


2im4 

1 tXLYQIFOUC 

1 to 

1 HBV 


POL 

IflBI 



009 

oon 



1 VMOOWLCAK 

J 10 

t HBV 

ALL 

1 

LIS 



014 

OHM 


SAOi 

1 ISAOWlUt 

nr 

HBV 1 1 POL 

SB 



00004 

0013 



HBV 


1 POL 

lau 



oa» 

OIB 


2jOaM 1 PIDUAYFK • 9 

HBV 





OflOS 

0014 


ami 

1 KYTSTPWU. 


HBV 

AIL t 

uao 

24 




34 

2flB9 
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Peptide ID / 

777.03 
10 924.07 

927.32 

938.01 

939.03 

941.01 
15 1044.04 

1044.05 

1044.06 


Table 25 a 

Peptides Synthesized 
by cytel For L ading 
Onto Acid Stripped 
Autologous PBMCs and 
PHA Blasts 
Antigen 

HBs 

HBc 

HBp 

MAGE 1 

PSA 

HBC 

PAP 

PSA 

PSA 


Sequence 
FLLTRILTZ 
FLPSOFFPSV 
GLYSSTVPV 
EADPTGHSY 
VLVHPQHVL 
FLPSDYFPSV 
ILLWDPIPV 
KLQCVDLVHI 
MLLRLSEPAEL 


20 Table 25 b 

Cell Population 


JY acid stripped 
25 JY acid stripped 
JY control 
JY control 


^25i-Labeled 

Peptide -i-/- Cold 

Peptide 

- cold peptide 

•*■ cold p^tide 

-cold peptide 

4 cold peptide 


CPHS 
+/- std. dev. 

3553 ± 157 n B 3 

13 n - 1 

370 ±37 n « 3 

50 n » 1 
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PCT/US93/07421 


WHAT TS OTATMTrD IS; 

1« A c mp siti n c mprising an isuaunogenic peptide 
having a HLA-A3.2 binding motif, which iraniin genie peptide has 
5 between about 9 and about 10 residues and the following 
residues, from the N-terminus to the C-terminus: 

a first conserved residue selected from the group 
consisting of L, H, I, V, S, A, T, F, C, G, D and E; 

and a second conserved residue of K, R, Y, H and F; 
10 wherein the first and second conserved residues are 

separated by 6 to 7 residues. 

2. The composition of claim 1, wherein the first 
conserved residue is at the second position from the 

15 N*terminus. 

3. A composition co]Q)rising an immunogenic peptide 
having a HLA--A1 binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 

20 residues, from the N-terminus to the C-terminus: 

a first conserved residue of T, S and M; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 

%Aierein the first and second conserved residues are 
25 adjacent and the second and third conserved residues are 
separated by 5 or 6 residues. 

4. The composition of claim 3, i^erein the first 
conserved residue is at the second position from the 

30 N-terminus. 

5. A composition comprising an immunogenic peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 

35 residues, from the N-terminus to the C«»terminus: 

a first c nserved residue of T, S and M; and 
a second conserved residue f Y; 
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wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

6. The composition of claim 5, wherein the first 
5 conserved residue is at the second position from the 

N-terminus and the second conserved residue is at the ninth or 
tenth position from the N-terminus* 

7. A composition comprising an immunogenic peptide 
10 having an HIA-Al binding motif, %Axich immunogenic peptide has 

between 9 and about 10 residues and the following residues, 
from the N*»terminus to the c-terminus. 

a first conserved residue of D, E, A, S and T; and 

a second conserved residue of Y; 
15 wherein the first and second conserved residues are 

sep>arated by 5 to 6 residues. 

8. The composition of claim 5, wherein the first 
conserved residue is at the third position from the N-terminus 

20 and the second conserved residue is at the ninth or tenth 
position from the N-terminus. 

9. A composition conq^rising an immunogenic peptide 
having a HLA-All binding motif, which peptide has between 

25 about 9 and about 10 residues and the following residues, from 
the Nterminus to the C-terminus: 

a first conserved residue of L, M, I, V, A, S, T, 6, 
N, Q, C, F, D, E; and 

a second conserved residue of K, R, H; 
30 wherein the first and second conserved residues are 

separated by 6 to 7 residues. 

10. The composition of claim 9, wherein the first 
conserved residue is at the second position from the 

35 N<*terminus. 


11. A comppsiti n comprising an immunogenic peptide 
having a HLA->A24.1 binding motif , which immun genie peptide 
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has between about 9 and about 10 residues and the f lloving 
residues, f r m th N-terminus to the C-terminus: 

a first conserved residue of F, W; and 
a second conserved residue f I, L, M; 
5 wherein the first and second conserved residues are 

sepfiurated by 6 to 7 residues • 

12. The composition of claim 11, wherein the first 
conserved residue is at the second position from the 
10 N-terminus. 


13. A composition comprising an immunogenic peptide 
having an HIiA-A3.2 binding motif, which immunogenic peptide 
has 9 or 10 residues: 

15 a first conserved residue at the second position 

selected from the group consisting of A, I, L, M, T, and V; 
and a second conserved residue at the C terminal postion 
selected from the group consisting of K and R. 

wherein the first and second conserved residues are 

20 separated by 6 to 7 residues. 

14. A composition comprising an immunogenic peptide 
having an HLA-All binding motif, which immunogenic peptide has 
9 or 10 residues and the following residues, from the 

25 N-terminus to the Cterminus: 

a first conserved residue at the second position from 
the N terminus selected from the group consisting of A, I, L, 
M, T and V; and 

a second conserved residue at the C terminal position 
30 selected from the group consisting of K; 

- wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

15. A pheun&aceutical composition comprising a 
pharmaceutically acceptable carrier and an immunogenic peptide 
having a HLA-A3.2 binding motif, ^ich immunogenic peptid has 
between ab ut 9 and ab ut 10 residues and the f 11 wing 
r sidues, fr m the N-terminus to th c-terminus: 
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a first conserved residue selected fr m the group 
consisting of L, M, I, V, S, A, T, F, G, D and E; and 
a second conserved residue of K, R and Y; 
wherein the f ixst and sec nd conserved residues are 
5 separated by 6 to 7 residues. 

16. A pharmaceutical composition comprising a 
pharmaceutically acceptable c€a:rier and an iiomunogenic pqptide 
having a HLA-Al binding motif, which immunogenic peptide has 

10 between about 9 and about 10 residues and the following 
residues, from the N«-te»inu8 to the C-terminus: 

a first conserved residue of T, S and N; and 
a second conserved residue of D, E, A, S and T; 
a third conserved residue of Y; 
15 wherein the first and second conserved residues are 

separated by 1 residue and the second and third conserved 
residues are separated by 5 or 6 residues* 

17. A pharmaceutical composition comprising a 

20 pharmaceutically acceptable carrier and an immunogeric peptide 
having a HLA-Al binding motif, which immunogenic peptide has 
between about 9 and about 10 residues and the following 
residues, from the N*terminus to the C-terminus: 

a first conserved residue of T, S or M; and 
25 a second conserved residue of Tyr; 

wherein the first and second conserved residues are 
separated by 6 to 7 residues. 

18. A pharmaceutical composition comprising a 

30 pharmaceutically acceptable carrier and an immxinogenic peptide 
having a-HLA-Al binding motif, which peptide has between about 
9 and about 10 residues and the following residues, from the 
M- 

terminus to the C-terminus: 
35 a first conserved residue of D, E, S, T; and 

a sec nd c nserv d residue of Y; 

wherein the. first and second conserved r sidues are 
s parated by 5 to 6 residues. 
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19 A pharmaceutical composition comprising a 
.Lllv acceptable carrier and an immunogenxc peptxde 

rr^.r^nding .otif , Which peptide has 
.avxng a ^ A2^. ^^^^^^ ^^^^^^ ^ 

A nnnserved residue of F, I, W. or m; 

separated by 6 to 7 residue.. 

20 A method o£ idantltylng en iM-^ogenic P»S*"' 

bindin^^ ^ ^t . .bout iX 

^t^d WIC allele and induce a CTL response, 
20 to the preselected MHC axiej. 

thereby identifying immunogenic peptides. 
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Figure 2 
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Figure 7 
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Figure 8 
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Figure 13 
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CTL INDUCTION 

GC43 A2.1 C04 DEPLETED RESPONDER 
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Figure 20 

Cytotoxic Activity of an HLA-Al-Restricted CTL Line 
Specific for a MAGE3 Peptide (1044.07) 
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Figure 22 

Peptide Screening: 
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